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RELEVÂNCIA CLÍNICA DA PROTEÍNA 4 ASSOCIADA AO LINFÓCITO T CITOTÓXICO 4 (CTLA-4) E SUA 
CORRELAÇÃO COM AS CITOQUINAS PRÓ-INFLAMATÓRIAS INTERLEUCINA 6 (IL-6) E FACTOR DE 




A associação entre a expressão da CTLA-4 e o prognóstico no cancro tem sido amplamente 
investigada, valorizando o papel da inflamação e do microambiente tumoral (TME), do qual 
mediadores inflamatórios como as citoquinas são uma importante componente não celular. Até à 
data, não existem estudos sobre reguladores de checkpoint imunológico em gatos com carcinoma 
mamário, nem foram avaliados perfis de citoquinas. Assim, foram investigados pela primeira vez, 
os perfis séricos da CTLA-4 e das citoquinas pró-inflamatórias IL-6 e TNF-α em 57 gatas com 
carcinoma mamário e verificada a existência de associações entre os níveis séricos da CTLA-4 e 
das referidas citoquinas. Os resultados obtidos demonstram que os níveis de CTLA-4 estão 
aumentados no soro das gatas com carcinoma mamário, quando comparadas com animais 
saudáveis (P=0.022). Foi também demonstrada uma correlação forte com os níveis séricos do TNF-
α (R=0.88, P<0.001) e da IL-6 (R=0.72, P<0.001), reforçando o papel imunomodulatório deste 
regulador. Adicionalmente foi encontrada uma associação significativa entre os níveis séricos 
elevados da CTLA-4, e várias características clinicopatológicas menos agressivas: tumores mais 
pequenos (P<0.001), estadiamento precoce, (P=0.002), ausência de necrose tumoral (P<0.001), 
sem envolvimento dos linfonodos (P=0.007), sem invasão linfática  (P=0.006), com positividade para 
os receptores hormonais  (P=0.007), subtipo não-TN (P=0.041), subtipo não-basal (P<0.001), e 
baixo índice Ki67 (P=0.001). Os resultados obtidos ainda revelaram uma associação com subtipos 
específicos de cancro da mama, nomeadamente o HER-2 positivo com sobre-expressão da CTLA-
4 (P<0.001) e do TNF-α (P=0.004) e o luminal A com sobre-expressão da IL-6 (P=0.020). Não foi 
possível confirmar a associação entre os níveis séricos da CTLA-4 e das citoquinas e o tempo de 
sobrevivência, devido ao tamanho reduzido da amostra. No entanto, os resultados obtidos sugerem 
um efeito protetor dependente da concentração da CTLA-4 e IL-6 séricos, como evidenciado pelos 
tempos medianos de sobrevivência mais altos nos grupos CTLA-4high (28 vs 22 meses para o grupo 
CTLA-4low) e IL-6high (28 vs 19 meses para o grupo IL-6low). Em contraste, o TNF-α parece ser um 
fator de prognóstico negativo, como sugere o tempo mediano de sobrevivência mais baixo no grupo 
TNF-αhigh (16.5 vs 23.5 meses para o grupo TNF-αlow). Permanece a questão de como o CTLA-4 
influencia ou é influenciado pelas citoquinas pró-inflamatórias. A avaliação da expressão tumoral da 
CTLA-4, dos subtipos de linfócitos T, e dos perfis de macrófagos associados ao tumor e células 
supressoras da linha mieloide no microambiente tumoral, são aspetos importantes a avaliar em 
estudos futuros. Palavras chave: carcinoma mamário felino, proteína 2 associada ao linfócito 
t citotóxico, citoquinas pró-inflamatórias, biomarcadores séricos, oncologia comparada  
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CLINICAL RELEVANCE OF SERUM CYTOTOXIC T-LYMPHOCYTE ASSOCIATED PROTEIN 4 (CTLA-4) 
AND CORRELATION WITH THE PRO-INFLAMMATORY CYTOKINES INTERLEUKIN 6 (IL-6) AND TUMOR 




The association between CTLA-4 expression and cancer prognosis has been extensively 
investigated in recent years, pointing to the link with inflammation, and highlighting the role of the 
tumor microenvironment (TME), of which inflammatory mediators like cytokines are an important 
non-cellular component. To the best of our knowledge, no studies on immune checkpoint regulators 
had been conducted on cats with mammary carcinoma before, nor had cytokine profiles been 
previously assessed. Thus, we investigated the serum profiles of CTLA-4 and pro-inflammatory 
cytokines IL-6 and TNF-α in 57 female cats with mammary carcinoma and checked for associations 
between CTLA-4 and cytokine serum levels. Our results clearly demonstrate that serum CTLA-4 
levels are increased in cats with mammary carcinoma when compared to healthy animals (P=0.022). 
Furthermore, we show a strong positive correlation with TNF-α (R=0.88, P<0.001) and IL-6 levels 
(R=0.72, P<0.001), advancing the concept of an immunomodulatory role for this regulator in breast 
cancer pathogenesis. We also show a statistically significant association between higher levels of 
serum CTLA-4 and less aggressive clinicopathological features: smaller tumors (P<0.001), lower 
stage (P=0.002), absence of necrosis (P<0.001), no lymph node involvement (P=0.007), no 
lymphatic vessel invasion (P=0.006), positive hormone receptor status (P=0.007), non-TN status 
(P=0.041), non-basal status (P<0.001) and low Ki67 index (P=0.001). Our findings further expand 
this concept by indicating an association with specific breast cancer subtypes, namely, HER-2 
positive with CTLA-4 (P<0.001) and TNF-α (P=0.004) and luminal A-like with IL-6 (P=0.020). We 
could not confirm an association between serum CTLA-4 and cytokines levels and survival due to 
the small sample size. Nevertheless, our findings suggest a potentially concentration-dependent 
protective role for serum CTLA-4 and IL-6, as evidenced by higher median survival times in the 
CTLA-4high (28 vs 22 months for the CTLA-4low group) and IL-6high (28 vs 19 months for the IL-6low 
group) groups. Conversely, TNF-α seems to be a negative prognostic factor, as shown by the lower 
median survival in the TNF-αhigh group (16.5 vs 23.5 months for the TNF-αlow group). An intriguing 
question that remains is how serum CTLA-4 influences or is influenced by the pro-inflammatory 
cytokines. Assessment of CTLA-4 tumor expression, T-lymphocyte subtypes, and tumor associated 
macrophages and myeloid derived suppressor cell profiles in the microenvironment, are important 
features to evaluate in future studies.  
 
Keywords: feline mammary carcinoma, cytotoxic t-lymphocyte associated protein 4, pro-
inflammatory cytokines, serum biomarkers, comparative oncology 
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1.1. Feline mammary carcinoma as a model for human breast cancer 
 
Cats have proved to be valuable models for various non-neoplastic (Narfström et al. 
2013) and neoplastic diseases (De Maria et al. 2005). Compared with traditional mouse 
models, they demonstrate more features in common with humans: they share many 
anatomical and physical similarities, have longer life spans, greater size, a genetically more 
heterogeneous background, and are exposed to the same environmental risk factors (Cannon 
2015). They continue to grow in popularity as pets and experience increasingly higher levels 
of medical surveillance, making them especially useful models for the study of spontaneous 
disease and better candidates for use in clinical trials (De Vico and Maiolino 2008). 
Several spontaneous feline tumors are currently considered relevant for human cancer 
studies, including injection-site sarcoma, oral squamous cell carcinoma, lymphoma and 
mammary carcinoma (De Vico and Maiolino 2008; Cannon 2015; Thomas 2015). Mammary 
gland tumors are frequently reported as the third most common tumor type affecting female 
cats and the most common type of cancer in women. Recently they were identified as the most 
common type in a 10-year retrospective study of feline tumors conducted in Portugal (Garcês 
et al. 2019). Feline mammary carcinomas are the most representative lesion within this group 
(Zappulli et al. 2015). Mean age of development is 10-11 years, similar to that described for 
human breast cancer after adjusting for age, and all breeds may be affected, although 
evidence points to a hereditary predisposition in the Siamese  (Zappulli et al. 2005; Cannon 
2015). Similarly, a hereditary predisposition has been observed in women, often associated 
with mutations at the BRCA1 and BRCA2 genes. Women carrying these mutations are 
significantly younger at time of diagnosis. Interestingly, the mean age of presentation in 
Siamese cats is also lower than in other breeds (Zappulli et al. 2005; Cannon 2015).   
Feline mammary carcinoma occurs either as single or multiple nodules frequently 
showing ulceration associated with extensive tumoral necrosis, probably owing to their 
generally advanced stage at time of diagnosis (Zappulli et al. 2005). They are highly infiltrative 
and metastasizing, showing a metastatic pattern similar to that described in women (regional 
lymph nodes, lungs, pleura and liver) (Zappulli et al. 2005).  
The influence of steroid hormones on the development of breast cancer is well-known 
in women and there is evidence of a similar involvement in cats. Intact females have a 
significantly higher risk of developing disease, as do those exposed to regular and prolonged 
administration of progestagens (Zappulli et al. 2005). Most cats however tend to have estrogen 
(ER)-receptor and progesterone (PR)-receptor negative tumors (Cannon 2015). Epidermal 
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growth factor receptor 2 (HER-2) overexpression is also well documented in human breast 
cancer often associated with poor prognosis (De Maria et al. 2005). Increased HER-2 
expression has been documented in a significant proportion of feline mammary carcinomas, 
although there is variation among studies as to the degree of overexpression (De Maria et al. 
2005; Santos et al. 2013; Cannon 2015). Regardless, taken together with the high level of 
homology between the feline HER-2 gene transcript and the human sequence this qualifies 
cats as suitable models (De Maria et al. 2005).  
Additional molecular analyses distinguish several other subtypes of breast cancer: 
luminal A, expressing the luminal epithelial markers (CK7, CK8, CK18, CK19) and with high 
expression of ER markers and lower expression of proliferation markers; luminal B, expressing 
the luminal epithelial markers, with lower expression of ER markers and higher expression of 
proliferation markers; basal-like, negative for hormone receptors (ER, PR, HER-2) and 
expressing basal markers (CK5, CK6, CK14, CK17, SMA, calponin, vimentin, and p63); HER-
2 positive tumors overexpressing the HER-2 receptor; and normal-like, negative to all markers 
(Goldschmidt et al. 2016). Similar subtypes were identified in cats in a 3-year follow-up study 
conducted at this institution (Soares et al. 2016b) which identified a higher prevalence of 
luminal B and triple-negative subtypes, associated with a worse prognosis. Triple-negative 
breast cancer (TNBC) is also associated with poor prognosis in humans and is especially 
challenging to treat because of the lack of specific targets. The findings of Soares and 
colleagues suggest that the cat might also be a suitable model for this highly aggressive 
subtype. 
Studies like the ones conducted by De Maria (2005) and Soares (2016b) reflect a rising 
interest in the use of immunohistochemical prognostic markers in veterinary oncology. Tissue-
based biomarkers, however, often require highly invasive procedures to obtain and may be 
difficult to include in routine clinical practice. These limitations make biomarkers from liquid 
biopsies especially valuable. Samples can be collected all through the disease course or 
before and after specific treatments, to monitor disease progression and predict patient 
response to therapy (Chakrabarti et al. 2019). Several markers have emerged over the years, 
some of which have been extensively studied. Serum HER-2 is one such. It can be used to 
evaluate HER-2 status (i.e. diagnosis), and several studies indicate a role for predicting 
prognosis and response to treatment (Lüftner et al. 2003). HER-2 serum levels have also been 
investigated in cats and showed significant association with HER-2 in tissue samples (Soares 
et al. 2016a) making cats promissing candidates for use in the study of novel serum markers.  
The use of cats as a model for human cancers, however, also presents some 
challenges. Most cat owners are still unwilling to consider enrolling their animals in clinical 
trials and their use as pre-clinical models for assessment of new drugs is hampered by 
differences in drug metabolism and pharmacokinetics (Cannon 2015). Cats are known, for 
3 
 
example, to have reduced glucuronidation capacity in comparison to humans, and several 
chemotherapeutic drugs, including cisplatin, 5-fluorouracil, doxorubicin and ifosfamide have 
differing toxicities in cats (reviewed in Cannon 2015). Clinical follow-up data is also not always 
available and some predictors of clinical behavior, namely overall survival (OS) and disease-
free survival (DFS; time from surgery to the development of recurrences and/or metastases) 
rely on information obtained retrospectively through methods that are often imprecise (Zappulli 
et al. 2015). 
 When considering the benefits of cats as models in biomedical research it is also 
important to consider the ethical costs of involving these animals in experiments. The use of 
novel therapies in the treatment of spontaneous diseases in companion animals might seem 
more ethically acceptable than in experimentally induced pathologies in animal models. 
However, the animals enrolled in experimental trials should still be considered as veterinary 
patients and their management should involve a close partnership between the owners, 
veterinary practitioners and the veterinarians in the research institutions. To guarantee 
reliability of results, increase enrolment and, above all, ensure the patient’s well-being, an 
approach based on information, commitment, responsibility and care must be taken (De Vico 
and Maiolino 2008).  
Despite these challenges, feline models remain an exciting prospect in the field of 
comparative oncology and contribute a diverse range of opportunities to the “One Health” 
concept, which capitalizes on the integration of biomedical research efforts to achieve better 
health care for humans and animals. Investigating cancer in cats may additionally generate 
new insights into aspects of tumor biology that are less accessible in other species (Thomas 
2015), such as the role of viruses in malignant transformation and the relationship between 
inflammation and tumor development.  
1.2. Inflammation and tumor development 
 
Inflammation is a well-established risk factor for several cancers. It can contribute to 
tumor initiation by inducing genetic and epigenetic changes such as point mutations, DNA 
methylation, and post translational modifications of genes that regulate critical pathways 
related to cell homeostasis (Hussain and Harris 2007). Injection site sarcoma (ISS), a well-
recognized phenomenon in cats particularly associated with vaccine administration, is thought 
to result from chronic inflammation due to an inappropriate and excessive response to injection 
or trauma, which causes proliferation and malignant transformation of fibroblasts (Cannon 
2015). In Kaposi’s sarcoma virus infections, inflammation is also essential for tumor 
development. Other types of alterations concurring to tumor progression, such as activation of 
oncogenes and inactivation of tumor suppressors may also trigger the inflammatory cascade, 
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leading to changes in the cellular microenvironment which favor selection and expansion of 
cells with growth or survival advantages (called the “intrinsic” pathway, Figure 1). Examples of 
these adaptive changes include increased expression of antioxidant enzymes, matrix 
metalloproteinases and growth factor receptors, increased anaerobic respiration and de novo 
synthesis of angiogenic factors (Federico et al. 2007). During tumor promotion, these initiated 
cells produce inflammatory mediators such as reactive oxygen and nitrogen species (RONS), 
cytokines, prostaglandins, growth factors and specific microRNAs (Schetter et al. 2009). 
These, in turn, induce cell proliferation and recruit inflammatory cells, increasing the production 
of RONS and leading to further DNA damage and reduced DNA repair, perpetuating the cycle 
(Coussens and Werb 2010).  
 
 
Figure 1. Molecular pathways connecting inflammation and tumor development. ISS – 
Injection site sarcoma; ROS – Reactive oxygen species; NFκB – Nuclear factor kappa B; STAT – Signal 
transducers activator of transcription; HIF – Hypoxia inducible factor; TAM – Tumor associated 
macrophages; MDSC – Myeloid-derived suppressor cells; PMN – Polymorphic nuclear cells; COX-2 – 
cyclooxygenase 2; VEGF - vascular endothelial growth factor. Redrawn from the original in Denardo, 
2017. Created with BioRender. 
 
Key players in cancer related inflammation include transcription factors such as nuclear 
factor κB (NFκB), signal transducer activator of transcription (STAT)-3, and primary 
inflammatory cytokines such as interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α 
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(Del Prete et al. 2011). NFκB induces the expression of inflammatory cytokines, such as IL-6, 
adhesion molecules, cyclooxygenase-2 (COX-2), and inducible nitric oxide synthase (iNOS), 
generating a strong pro-inflammatory microenvironment. It also promotes cell survival and 
proliferation through the activation of genes regulating cell cycle progression and apoptosis 
and other pro-tumorigenic changes, including stimulation of angiogenesis by activating 
vascular endothelial growth factor (VEGF) (Schetter et al. 2009). NFκB activation can follow 
sensing of microbes or tissue damage by the toll-like receptor (TLR)-MyD88 pathway, 
inflammatory cytokines TNF-α and IL-1β or can be the result of cell-autonomous genetic 
alterations in cancer cells (Del Prete et al. 2011). STAT3 is a critical regulator of cytokine, 
chemokine and growth factor expression. It’s persistent activation in tumor cells, either through 
increased production of positive effectors such as IL-6 or decreased expression of negative 
regulators such as suppressor of cytokine signaling 3 (SOCS3), in turn activates STAT3 in 
stromal cells, inducing and maintaining an inflammatory microenvironment (Chang et al. 2015). 
Activated STAT3 also increases tumor cell proliferation, survival and invasion, while 
suppressing anti-tumor immunity by promoting pro-tumorigenic pathways like NFκB. Both 
transcription factors have been shown to play a role in human TNBC, a useful clinical example 
of the connection between oncogenes and inflammation. In TNBC somatic mutations leading 
to the inactivation of the tumor suppressor genes tumor protein p53 (TP53) and phosphatase 
and tensin homolog (PTEN) were implicated in the SOCS3-mediated activation of an IL-
6/STAT3/NF κB inflammatory loop (Kim et al. 2014). Mutations in TP53 and PTEN have also 
been reported in feline mammary carcinoma (Mayr et al. 2000; Ressel et al. 2009; Adega et 
al. 2016) and considering the high level of sequence homology between the human and feline 
TP53 and PTEN genes it is reasonable to assume that the mechanisms of tumorigenesis may 
be similar in the two species. In fact, aberrant activation of the phosphatidylinositol 3,4,5-
triphosphate (PIP3)/protein kinase B (AKT)/PTEN pathway, another pathway widely implicated 
as a driver of tumor development and progression in human breast cancer, was recently shown 
to be correlated with tumor malignancy, histological differentiation and clinical recurrence in 
feline mammary carcinoma (Maniscalco et al. 2012).  
Despite this overwhelming evidence that inflammation orchestrates a tumor-promoting 
microenvironment that is intimately linked to tumorigenesis, anti-tumor immunity can also 
develop to protect the host during tumor development. Data generated in several mouse 
models which shows that cytokines and immune cells that promote inflammation are potentially 
bi-functional displaying both tumor-promoting and tumor-suppressive capabilities (reviewed in 
Chow et al. 2012) supports this notion. Recent developments in immune checkpoint blockade 
therapy also highlight how important it is to understand the complexity of the immune and 
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inflammatory systems in the development of cancer and how one’s own host responses can 
help or hinder progression of the disease. 
 
1.3. CTLA-4: a key immune checkpoint regulator 
 
The inflammatory microenvironment surrounding breast cancer cells consists of 
immune cell infiltrates, cytokines and immune checkpoint molecules that can block anti-tumor 
immunity (Emens 2012; Yu et al. 2015). Cytotoxic T-lymphocyte associated protein 4 (CTLA-
4, CD152), an adhesion molecule from the immunoglobulin superfamily localized on band q33 
of human chromosome 2 and on feline chromosome C1, is one of these immune checkpoint 
molecules. It’s expressed exclusively on lymphocytes and shares a pair of ligands expressed 
on the surface of antigen-presenting cells (APCs), such as dendritic cells (DCs) and B cells, 
with its homologue, the cluster of differentiation 28 (CD28) receptor. While CD28 interaction 
with ligands B7-1 (CD80) and B7-2 (CD86), mediates T-lymphocyte co-stimulation in 
conjunction with T-cell receptor (TCR) signals, CTLA-4 ligand binding, reduces T-lymphocyte 
activation, forming a negative feedback loop that is essential to the maintenance of immune 
self-tolerance and homeostasis (Figure 2).  
Figure 2. T-lymphocyte activation and inhibition by the immunoglobulin superfamily 
receptors cluster of differentiation 28 (CD28) and cytotoxic T-lymphocyte associated protein 4 
(CTLA-4). After recognition of the MHC:peptide complex by TCR, T-lymphocytes require a second 
signal for activation which is provided by binding of CD28 to its ligands CD80/CD86 on APCs. This 
interaction leads to translocation of CTLA-4 to the cell surface. Because CTLA-4 has higher affinity for 
CD80/CD86 it can interrupt the activation signal delivered by CD28 and deliver its own signal which 
downregulates T-lymphocyte function. TCR – T cell receptor; MHC – Major histocompatibility complex; 





Three isoforms of CTLA-4 have been identified, which result from differential gene 
splicing: a full-length membrane-bound receptor isoform (mCTLA-4) with an extracellular 
ligand-binding domain, a transmembrane signal-transducing domain and a cytoplasmic tail; a 
soluble isoform (sCTLA-4), which does not have the transmembrane domain; and a ligand-
independent third isoform, only identified in mice, which lacks the extracellular domain (Wing 
et al. 2011; Denesha et al. 2014; Yu et al. 2015; Zhang et al. 2016). Feline CTLA-4 shows a 
high level of sequence homology with the human and murine molecules (86.6% and 76.2% 
respectively) and the hexapeptide motif (MYPPPY) within the extracellular domain, believed 
to be responsible for interaction with the B7 ligands, is completely conserved among the 
studied mammalian species (Ohno et al. 1999) (Figure 3). Upon T-lymphocyte activation, 
CTLA-4 is transiently translocated to the cell surface where it binds the B7 ligands and initiates 
inhibitory signals via its intracellular domain (Sharpe and Freeman 2002; Yu et al. 2015). 
Because CTLA-4 interacts with both B7 ligands, with higher affinity, it can outcompete CD28, 
attenuating the effector T-lymphocyte response through the inhibition of IL-2 production, 
blockade of cell cycle progression and therefore, T-lymphocyte proliferation (Walker and 
Sansom 2015). CTLA-4-expressing cells can also capture B7 ligands from opposing cells by 
trans-endocytosis and degrade them, resulting in impaired co-stimulation via CD28 (Qureshi 















Figure 3. Alignment of feline (Fe) CTLA-4 amino acid sequence with homologues from 
bovine (Bo), human (Hu) and mouse (Mu) species. The hexapeptide MYPPPY ligand binding motif 




















sCTLA-4 is generated by alternative splicing of the CTLA-4 mRNA in which the exon 
that encodes the transmembrane region (exon 2) is spliced out (Figure 4). The deletion causes 
a shift in the reading frame, producing a unique cytoplasmic tail that is unique to the sCTLA-4 
molecule. The alternative splicing also results in the loss of the membrane proximal cysteine 
residue required for covalent homodimerization, making sCTLA-4 a monomer (Oaks et al. 
2000). Both the full-length and the sCTLA-4 transcripts are expressed in CD4+ T-lymphocytes 
but mCTLA-4 is the predominant among CD8+ subsets of T-lymphocytes, as well as B-
lymphocytes. mCTLA-4 is also the predominant transcript on activated T-lymphocytes, 
however on resting cells or at the post-activated state sCTLA-4 predominates (Oaks et al. 
2000). 
sCTLA-4 is secreted in a similar manner to mCTLA-4. Upon TCR stimulation, secretory 
granules are translocated to the central supramolecular activation cluster (cSMAC) within the 
immunological synapse releasing sCTLA-4 which can interact with the B7 ligands, excluding 
CD28 from the cSMAC thus inhibiting early T-lymphocyte responses to antigens (Wing et al. 
2011; Yu et al. 2015). Translocation is fully dependent on ligand binding but does not require 
high amounts of ligand in the cSMAC which indicates that sCTLA-4 can control T-lymphocyte 
Figure 4. Generation of full-length, soluble and ligand-independent cytotoxic T-
lymphocyte associated protein 4 (CTLA-4) mRNA. The CTLA-4 gene encodes a transcript with four 
exons. Splicing generates the full-length transcript (mCTLA-4). Alternative splicing generates two 
shorter transcripts: the sCTLA-4 transcript that skips exon 2 (ligand-binding domain) and a ligand-
independent transcript, only identified in mice, that skips exon 3 (transmembrane domain). Figure 
redrawn from the original in (Simone and Saverino 2009). Created with BioRender. 
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activation even when access to co-stimulatory molecules is limited (Wing et al. 2011). sCTLA-
4 signaling may also affect the adhesion and motility of T-lymphocytes to APCs, inhibiting the 
TCR-mediated signal through dephosphorylation of the TCR signaling proteins via it’s 
cytoplasmic tail, and may induce production of indoleamine 2,3-dioxygenase (IDO) and 
immunosuppressive kynurenine in the latter (Ward et al. 2013; Pico de Coaña et al. 2014). 
IDO is an enzyme system that depletes the amino acid L-tryptophan, establishing a 
microenvironment which impairs the growth and survival of T-lymphocytes. Finally, sCTLA-4 
may induce nuclear localization of the transcription factor Forkhead box (Fox)O3, which inhibits 
production of inflammatory cytokines, including IL-6 (Dejean et al. 2009; Ward et al. 2013), 
and can induce increased production of IL-10, an immunosuppressive cytokine (Dahal et al. 
2016), thereby constraining T-lymphocyte survival. Recently sCTLA-4 was also implicated in 
the induction of the translational inhibitor programmed cell death-4 (PDCD4) as a result of 
FoxO1 nuclear re-localization, which attenuates effector T-lymphocyte responses (Lingel et al. 
2017).  
 
Figure 5. Possible mechanisms of immune regulation by soluble cytotoxic T-lymphocyte 
associated protein 4 (sCTLA-4). Interference with CTLA-4-lingand interactions enhances T-
lymphocyte reactivity. By contrast interference with CD28-ligand interactions may result in T-lymphocyte 
inhibition. sCTLA-4 may also induce nuclear localization of FoxO3 and FoxO1 with consequent inhibition 
of inflammatory cytokine production and induction of PDCD4. Finally, sCTLA-4 may induce expression 
of IDO and immunosuppressive cytokine IL-10 establishing a microenvironment which impairs the 
growth and survival of T-lymphocytes. APC – Antigen presenting cell; MHC – Major histocompatibility 
complex; TCR – T cell receptor; CD – Cluster of differentiation; IL – Interleukin; IDO – Indoleamine 2,3-
dioxygenase; PDCD – Programmed cell death; Fox – Forkhead box. Figure redrawn from the original in 
Dahal et al. 2018. Created with BioRender. 
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Elevated serum CTLA-4 levels have been reported in several cancers, including 
esophageal (Zhang et al. 2016), lung (Liu, Xie, et al. 2017), and breast carcinoma (Erfani et al. 
2010). Furthermore, a molecular study of CTLA-4 genotypes and haplotypes by Erfani and 
colleagues, among others, clearly demonstrated association of CTLA-4 gene variants with 
cancer. Indeed, CTLA-4 expression appears to be an important mechanism of tumor immune 
evasion. Deletion of the CTLA-4 gene in Treg cells in mice was shown to produce potent tumor 
immunity (Wing et al. 2008). Up-regulated expression of CTLA-4 in tumor cells was also 
recently identified as one of the three most prevalent mechanisms of immune evasion in human 
breast cancer, the other two being the presence of immunosuppressive factors (i.e. IL-10, 
transforming growth factor beta – TGF-β, C-C motif chemokine 22 – CCL22), and tumor 
expression of a soluble decoy receptor (DcR3) which binds to FasL and inhibits FasL-induced 
apoptosis (Bou-Dargham et al. 2018). Taken together, these findings show that CTLA-4 plays 
a crucial role in suppression of tumor immunity.   
However, the clinical implications of CTLA-4 in the tumor microenvironment are still 
controversial. Various studies indicate increased levels of sCTLA-4 in several autoimmune 
diseases (Simone et al. 2014). A recent study on breast cancer patients found an association 
between elevated sCTLA-4 levels and improved survival (Liu, Hu, et al. 2017) and several 
other studies have showed significant correlations between CTLA-4 and OS in non-small cell 
lung carcinoma, nasopharyngeal carcinoma, esophageal carcinoma, malignant hematologic 
diseases, glioblastoma and malignant pleural mesothelioma (Liu, Xie, et al. 2017). These 
findings seem counterintuitive because an increase in sCTLA4 should inhibit T-lymphocyte 
activity. Some researchers have suggested as an explanation that in the resting T-lymphocytes 
in which only sCTLA-4 is expressed, CD28-ligand interactions are inhibited. But in a later 
phase, where mCTLA4 is overexpressed, sCTLA4 interferes with mCTLA-4 ligand interactions, 
enhancing T-lymphocyte reactivity by preventing the transduction of inhibitory signals 
(Saverino et al. 2007; Pérez-García et al. 2013; Simone et al. 2014). It has also been 
suggested that CTLA-4 can mediate negative signal into tumor cells, comparable to those 
observed in T-lymphocytes (Salvi et al. 2012). Salvi and colleagues observed that established 
non-small cell lung carcinoma cell lines undergo apoptotic death upon CTLA-4 engagement 
with soluble B7 (CD80/CD86) ligands. They hypothesize that CTLA-4 expressed by tumor cells 
may interact with B7 ligands expressed by cells of the tumour micro-environment, thus leading 
to inhibition of lung cancer cell proliferation and/or induction of apoptotic cell death. These 
findings may support a role for CTLA-4 as a negative regulator of tumor proliferation, important 




1.4. Cellular components of the Tumor microenvironment: the role of Tregs, 
TAMs and MDSCs 
 
Most solid tumors contain several subtypes of immune cell infiltrates, including both 
myeloid- and lymphoid-lineage cells. Human breast cancer, in particular, shows significant 
levels of tumor infiltrating lymphocytes (TILs). Similarly, lymphocytic infiltration is a common 
finding in feline mammary carcinoma, though its functional role is not yet fully established 
(Wiese, Thaiwong, Yuzbasiyan-Gurkan, & Kiupel, 2013). TIL populations dominated by T-
lymphocytes (CD3+) are the most commonly reported (Ruffell et al., 2011), being usually 
associated in some molecular subtypes, namely TNBC and HER-2 positive, with improved 
survival (Adams et al., 2014; Desmedt et al., 2014; Dieci et al., 2015; Loi et al., 2013; Stanton 
& Disis, 2016). However, the phenotype of the T-lymphocyte response can influence clinical 
outcome. While type 1 CD4+ T-helper (Th1) lymphocytes and CD8+ cytotoxic T-lymphocytes 
are generally associated with a favorable prognosis, type 2 CD4+ T-helper (Th2) lymphocytes 
inhibit effector T-lymphocyte responses and support proliferation of B-lymphocytes, promoting 
an anti-inflammatory immune response that may enhance tumor growth (Stanton & Disis, 
2016; Ward et al., 2013; Zitvogel, Galluzzi, Kepp, Smyth, & Kroemer, 2015).  
Th2 regulatory T-lymphocytes (Tregs) are a subset of CD4+ T-lymphocytes that highly 
express the IL-2 receptor α chain (CD25) and FoxP3. Tregs also express CTLA-4 whose 
expression is controlled by FoxP3 and which in Tregs, unlike other T-lymphocyte subsets, is 
expressed constitutively (reviewed in Wing et al. 2011; Ward et al. 2013). Although their main 
function is to prevent autoimmune disorders by suppressing effector T-lymphocyte activation, 
Tregs are known to highly infiltrate various tumor types in both humans and felines (Sparger 
et al. 2018). Several studies show that Tregs can suppress tumor specific T-lymphocyte 
immunity, contributing to tumor growth, invasion and metastasis  and reduced survival (Curiel 
et al. 2004; Tan et al. 2011; Emens 2012).  
Tregs suppress effector T-lymphocytes via several mechanisms, including Fas/Fas 
ligand (FasL)-mediated apoptosis, granzyme B/perforin-mediated cytotoxicity and IL-2 
deprivation through expression of high levels of CD25 (Pandiyan et al. 2007; Wang et al. 2017). 
Another highly relevant mechanism whereby Tregs are thought to control effector T-
lymphocytes is the CTLA-4-dependent downregulation of B7 ligands on DCs upon antigenic 
stimulation which is significantly impaired in mice with Treg-specific deficiency of CTLA-4 
(reviewed in Wing et al. 2011). CTLA-4 interaction with DCs can also induce expression of IDO 
(Adams et al. 2014), providing further evidence that CTLA-4 is vital for Treg-lymphocyte 
mediated suppression. Tregs also produce cytokine IL-35, VEGF and TGF-β which act 
together to promote angiogenesis and prevent the activation of adaptive and innate immune 
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cells and may induce polarization of M2 macrophages (Jarnicki et al. 2006; Collison et al. 2007; 
reviewed in Wang et al. 2017).  
It should be noted, however, that Treg infiltration can correlate with a positive prognosis 
in certain types of cancer. A study in a mouse model of colorectal cancer, showed that under 
the influence of IL-10, Tregs prevented the development of tumors and rapidly induced tumor 
regression, at least in part through the inhibition of COX-2 (Erdman et al. 2005). Studies 
conducted on head and neck, esophageal and hematologic cancers came to similar 
conclusions (Shang et al. 2015). Tregs have also been shown to suppress inflammation 
triggered by innate immune cells, such as macrophages and monocytes, in mice and in human 
cancers (Shang et al. 2015) and seem to be the primary source of sCTLA-4 (Ward et al. 2013) 
which correlates with improved prognosis in breast cancer patients. These findings raise the 
possibly of a protective role for Tregs in cancer and warrant further investigation.  
 
Figure 6. Functions of regulatory T-lymphocytes (Tregs) in the tumor microenvironment. 
Tregs are capable of suppressing effector T-lymphocyte responses through several mechanisms, 
including Fas/FasL-mediated apoptosis, granzyme B/perforin-mediated cytotoxicity, IL-2 deprivation 
through expression of high levels of CD25 and expression of immunosuppressive cytokines like IL-35. 
Tregs also reduce T-lymphocyte co-stimulatory signals through depletion of CD80/CD86 on dendritic 
cells via CTLA-4 mediated trans-endocytosis. Tregs may induce polarization of M2 macrophages and 
promote angiogenesis by secretion of VEGF and TGF-β. Tregs may also have tumor-suppressive 
effects, for example via inhibition of COX-2. IL – Interleukin; CD – Cluster of differentiation; FasL – Fas 
ligand; COX – Cyclooxygenase; VEGF – Vascular endothelial growth factor; TGF – Transforming growth 
factor; CTLA – cytotoxic T-lymphocyte associated protein. Figure redrawn from the original in Wang et 





Similar to Tregs, the role of IL-17 producing CD4+ cells (Th17) in the pathogenesis of 
cancer needs further elucidation. A study on melanoma in a mouse model found that IL-17 
signaling was critical for tumor development, with direct effects on tumor and stromal cell-
induced production of IL-6 which led to activation of STAT3 (Wang et al. 2009). Dysregulation 
of the IL-6-mediated STAT3 signaling pathway is also closely related to the development of 
breast cancer in humans. Other studies, however, have revealed a potential tumor-
suppressive role for this cell type. Th17 cells promoted tumor-specific cytotoxic T-lymphocyte 
activation in a model of lung melanoma (Martin-Orozco et al. 2009) and were positively 
associated with a more favorable prognosis in human breast carcinoma (Yang et al. 2012). 
Myeloid-lineage cells like tumor associated macrophages (TAMs) and myeloid-derived 
suppressor cells (MDSCs) also play a role in tumor development. In contrast to T-lymphocytes, 
TAM infiltration is often associated with poor prognosis in human breast cancer (DeNardo et 
al. 2009; reviewed in Mantovani et al. 2017) and canine mammary tumors (Raposo et al. 2014). 
These macrophages usually exhibit an M2 phenotype induced by Th2 lymphocytes (Jackute 
et al. 2018) and may block T-lymphocyte responses through the production of 
immunosuppressive molecules IL-10, TGF-β and the arginine-degrading enzyme arginase-1 
(Arg-1) as well as induce differentiation and recruitment of Tregs via C-C motif chemokine 22 
(Curiel et al. 2004; Brown et al. 2017). Moreover, they may support tissue repair and 
angiogenesis through the production of VEGF or epidermal growth factor (EGF) (Brown et al. 
2017). MDSCs, a heterogeneous group of immature cells also seem to be significantly 
increased in the peripheral blood of breast cancer patients, associated with more aggressive 
molecular subtypes such as TNBC, advanced stage and positive lymph node status 
(Safarzadeh et al. 2019). They can influence the tumor microenvironment through multiple 
mechanisms, including production of reactive oxygen species (ROS) which induces the loss 
of the TCR ζ-chain leading to T-lymphocyte anergy, and production of Arg1, and IDO, all of 
which lead to cell cycle arrest of T-lymphocytes (Kumar, Patel, Tcyganov, & Gabrilovich, 2016; 
Markowitz, Wesolowski, Papenfuss, Brooks, & Carson, 2013; Pico de Coaña, Masucci, 
Hansson, & Kiessling, 2014). MDSCs can also induce differentiation of CD4+ T-lymphocytes 
into Tregs and Treg expansion through the secretion of inhibitory cytokines IL-10 and TGF-β. 
(Markowitz et al. 2013; Pico de Coaña et al. 2014; Kumar et al. 2016).  
MDSCs and TAMs, however, do not suppress all aspects of antitumor immune 
responses. Like TAMs, MDSCs exhibit two distinct phenotypes, the tumor-suppressing M1-
like and the tumor-promoting M2-like (Ma et al. 2011). Whereas M2 MDSCs inactivate effector 
T-lymphocytes and recruit Tregs, M1 MDSCs have the opposing effect. They express higher 
quantities of pro-inflammatory cytokines and can activate NK cells to produce high amounts of 
interferon (IFN)-γ  (Nausch et al. 2008). IFN-γ induces iNOS expression which generates high 
amounts of nitric oxide (NO). Because NOs cellular activities are concentration-dependent, 
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with higher levels producing cytotoxicity and antitumorigenic effects (Hussain and Harris 2007), 
this suggests that M1 MDSCs may have direct tumor-killing activities. Unlike M2 TAMs, the 
presence of M1 TAMs in the tumor microenvirnoment is associated with increased survival 
(Jackute et al. 2018). They also direct T-lymphocytes towards Th1 tumor-suppressive 
responses and interact with NK cells promoting apoptosis in tumor cells through expression of 
iNOS or TNF-α (Cui et al. 1994; O’Sullivan et al. 2012). Finally, a study on the effects of 
myeloid-derived VEGF in a mouse model of mammary tumorigenesis, determined that 
although this factor does increase vascular density in tumors, this change acts to retard not 
promote tumor progression, as was previously thought (Stockmann et al. 2008). 
It is evident that many immune cell types are capable of displaying both tumor-
promoting and tumor-suppressive capabilities. However, the cellular and molecular 
mechanisms that positively or negatively regulate their phenotype and biological functions are 
not yet fully understood and further study is warranted.  
 
Figure 7. Contrasting functions of immune cells in the tumor microenvironment. Th1 
CD4+ and CD8+ T-lymphocytes may directly regulate tumor cell cytotoxicity, while indirectly polarizing 
immune cells, such as M1 tumor associated macrophages (TAM) and Th17 T-lymphocytes, towards 
tumor suppression. Th2 CD4+ T-lymphocytes, regulatory T-lymphocytes (Treg) and myeloid derived 
suppressor cells (MDSC) in contrast, may suppress CD8+ cytotoxicity and induce polarization of 
immune cells, such as M2 TAMs, which provide a rich proangiogenic and pro-tumoral microenvironment. 
CTL – Cytotoxic T-Lymphocyte; IFN – interferon; IL – interleukin; TGF – Transforming Growth Factor; 
VEGF – Vascular Endothelial Growth Factor; EGF – Epidermal Growth Factor.  Figure redrawn from the 





1.5. Soluble mediators of cancer related inflammation: TNF-α and IL-6 
 
Cytokines are a non-cellular component of the tumor inflammatory microenvironment 
that can exert rather paradoxical effects during cancer development. The action of inhibitory 
cytokines has long been implicated in the lack of an effective immune response observed in 
breast cancers. They also have been reported to promote tumor growth and aggressiveness 
by influencing aromatase activity and estrogen synthesis directly in the tumor vicinity (reviewed 
in Knüpfer and Preiß 2007). Certain cytokines, however, have been demonstrated to promote 
the generation and/or efficacy of anti-tumor effector cells, including DCs and NK cells, causing 
inhibition of tumor growth and even tumor regression (Knüpfer and Preiß 2007). Whether they 
exert tumor-promoting or tumor suppressive effects is highly dependent on a number of 
factors, including the array of cytokines present, their relative concentration, and presence of 
other modulating factors, such as cytokine receptor expression patterns and the activation 
state of the cells that express them (Knüpfer and Preiß 2007).  
Briefly, cytokines are small pleiotropic proteins that act by altering the function of their 
target cells in a paracrine or autocrine manner. They are mainly secreted by lymphocytes and 
macrophages and can be broadly classified as pro-inflammatory or anti-inflammatory. Of the 
pro-inflammatory cytokines, TNF-α and IL-6 have emerged as central players linking 
inflammation and cancer.  
TNF-α is a member of the TNF cytokine superfamily and is a key molecule regulating 
inflammation and host defense. It is predominantly produced by immune cells, namely 
macrophages, T-lymphocytes and NK cells, but also, in low amounts, by fibroblasts, smooth 
muscle cells and tumor cells (Tse et al. 2012). There are two TNF receptors, TNF receptor 
type 1 (TNFR1), which is ubiquitously expressed and TNF receptor type 1 (TNFR2), which is 
mainly expressed on innate immune cells. Activation of TNF receptors can trigger NF-κB and 
downstream immunosuppressive survival pathways or can activate caspase 8 and the 
associated apoptotic signal (Wang and Lin 2008) (Figure 8). These activities vary under 
different physiological conditions and in a cell-type-dependent manner. For example, in rapidly 
regenerating tissues, TNF-induced NF-κB activity is anti-tumorigenic, whereas in slowly 
regenerating tissues it seems to be pro-tumorigenic (Wang and Lin 2008). There is also 
evidence that while chronic synthesis of low amounts of TNF-α promotes tumor growth and 
angiogenesis, higher doses may stimulate antitumor immunity, induce necrosis of tumor cells, 
and trigger vascular collapse (Tse et al. 2012). It is likely that differential expression of the TNF 
receptors is also involved. TNFR1 is a death domain-containing receptor and transduces both 
proapoptotic and prosurvival signals. TNFR2 does not possess a death domain and is mainly 
responsible for the promotion of proliferation, although it can mediate a cell death signal which 
may be indirect through TNFR1 (Wang and Lin 2008). In breast cancer, recent investigations 
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strongly suggest that chronic TNF-α expression supports tumor growth. Expression of TNF-α 
in inflammatory breast carcinoma correlated with increased tumor grade and lymph node 
involvement, and patients with more progressed tumor phenotypes were shown to have 
significantly higher serum concentrations of TNF-α (Ben-Baruch 2003). However, it cannot be 
ascertained from these studies whether the elevated TNF-α contributes to disease 
progression, or is a reflection of advanced disease, and more research into its clinical 
diagnostic and prognostic utility is required. 
IL-6 is produced mainly by myeloid cells, including monocytes and macrophages, but 
also T-lymphocytes, fibroblasts and tumor cells (Fisher et al. 2015). As a secreted protein, IL-
6 can be detected in serum, and increased levels have been found in breast cancer patients, 
associated with worse prognosis (Knüpfer and Preiß 2007). IL-6 signaling is initiated through 
binding to the IL-6 receptor, a heterodimer consisting of the IL-6 receptor α subunit (IL-6Rα; 
CD126) and a glycoprotein 130 (gp130) β subunit, whose activation triggers phosphorylation 
of the Janus kinases (JAK) and its downstream effectors, including the STAT proteins STAT1 
and STAT3 (Figure 8). STAT phosphorylation allows dimerization, nuclear translocation, and 
activation of specific target genes which are mainly involved in cell cycle progression and 
suppression of apoptosis (Lin and Karin 2007). STAT3 has a predominant role in IL-6 signal 
transduction and its roles in tumor cell proliferation and survival are well documented (Kim et 
al. 2014; Chang et al. 2015). Chang and colleagues, for example, report that STAT3 activation 
initiated by IL-6 promotes recruitment of myeloid cells and induces their ability to express 
growth factors in a feed-forward loop that positively regulates angiogenesis and induces 
metastasis. While the predominant view of IL-6 in breast cancer is as a driver of malignancy, 
recent studies have highlighted its beneficial role in promoting anti-tumor immunity. IL-6 plays 
a vital role in the development of T-lymphocyte responses, being required for T-lymphocyte 
priming, the induction of a productive IFN-γ response, protection of T-lymphocytes from the 
suppressive activities of Tregs, and the acquisition of the ability to provide help to B cells 
(Fisher et al. 2015). IL-6 signaling also influences lymphocyte trafficking to lymph nodes and 
to tumor tissues stimulating anti-tumor activities within the tumor microenvironment (Fisher et 
al. 2015). Taken together, these findings underscore the pleiotropic characteristic of this 








Figure 8. Signal transduction pathways and major biological responses of tumor 
necrosis factor alpha (TNF-α) and interleukin 6 (IL-6). TNFR – Tumor Necrosis Factor Receptor 1; 
gp – glycoprotein; TRAF – TNF receptor associated factor; TRADD – TNF receptor type 1-associated 
death domain; JAK – Janus Kinase; STAT – Signal Transducer and Activator of Transcription. Redrawn 
from the original in Lin and Karin 2007. Created with BioRender. 
 




Several reports have indicated that CTLA-4 is elevated in the sera from patients with 
several inflammatory human disorders. The association between CTLA-4 and cancer has also 
been extensively investigated in recent years. These investigations often point to the link 
between cancer and inflammation, and the role of the tumor microenvironment in cancer 
initiation, promotion and progression. Immune cells and inflammatory mediators, such as pro-
inflammatory cytokines, are an important part of this microenvironment. In the present study, 
our main objective was to investigate the profiles of serum CTLA-4 and pro-inflammatory 
cytokines IL-6 and TNF-α in cats with mammary carcinoma. In addition, we sought to 
determine whether an association between CTLA-4 and pro-inflammatory cytokine serum 
levels exists. We hope our findings will contribute to the clarification of the complex interactions 
that occur within the mammary tumor microenvironment and further validate the cat as a model 
for the study of human breast cancer. 
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2.2. Materials and Methods 
 
2.2.1. Study Population 
 
Sera from 57 female cats were used in this study. All animals had a fully documented 
history of feline mammary carcinoma and were followed up at the Faculty of Veterinary 
Medicine Teaching Hospital (HEV) between June 2011, and September 2013. Available 
historical data included age, clinical stage (TMN), malignancy grade, tumor burden and size, 
regional lymph node involvement, presence of tumor necrosis, lymphatic vessel invasion, 
lymphocyte infiltration or cutaneous ulceration and histopathological classification (ER status, 
PR status, HER-2 status, basal status, Ki67 index) (Table 1). Serum samples were collected 
at time of admission, aliquoted and stored at -80ºC. Serum samples from twelve healthy cats 
were used as controls for the cytokine and sCTLA-4 analysis. 
Table 1. Clinicopathological characteristics of female cats with mammary carcinoma 
(n=57). LN – Lymph Node; LVI – Lymphatic Vessel Invasion; LI – Lymphocyte Infiltration; ER – Estrogen 
Receptor; PR – Progesterone Receptor; HER – Epidermal Growth Factor Receptor; TN – Triple 

















Age (years)  Size (cm)  Necrosis  HER-2 
status 
 
<8     4 (7) <2 20 (35) No necrosis 15 (26)  
8-12 31 (54) 2-3 20 (35) Necrosis 42 (74) Negative  45 (79) 
>12 22 (39) >3 17 (30) Ulceration  Positive 12 (21) 
Stage  LN 
status 
 No ulceration 50 (88) TN status  
I 15 (26)  Ulceration   7 (12) Non-TN 42 (74) 
II   7 (12) Negative 35 (62) Ki67 index  TN 15 (26) 
III 31 (54) Positive 18 (32) Low (<14%) 18 (32) Basal status  
IV     4 (7) ND     4 (7) High (>14%) 38 (66) Non-basal 48 (84) 
Grade  LVI  ND     1 (2) Basal like   8 (14) 
1     3 (5) No LVI 50 (88) ER status  ND     1 (2) 
2   8 (14) LVI   7 (12) Negative 39 (68)   
3 46 (81) LI  Positive 18 (32)   
Burden  No LI 16 (28) PR status    




ND     2 (4) 
Positive 27 (47) 
  
 
2.2.2. Measurement of serum CTLA-4 and cytokine levels 
 
Serum samples were kept frozen at -80ºC and thawed shortly before determination of 
CTLA-4, TNF-α and IL-6. Commercially available immunoassay kits from R&D Systems (R&D 
Systems, Minneapolis, MN, USA) were used according to the manufacturers' instructions. 
CTLA-4 levels were determined with the Mouse CTLA-4 DuoSet® ELISA immunoassay kit 
(code DY476); TNF-α levels were determined with the Feline TNF-α DuoSet® ELISA 
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immunoassay kit (code DY2586); and IL-6 levels were determined with the Feline IL-6 DuoSet® 
ELISA immunoassay kit (code DY2305). Given the high level of sequence homology between 
the feline and murine CTLA-4 molecules (76.2%) we estimated that the murine kit would be 
adequately sensitive. All kit components were stored at 4ºC. A seven-point standard curve was 
prepared for each assay by making serial dilutions from a stock of recombinant mouse CTLA-
4, feline TNF-α and feline IL-6 provided in the kits. The immunoassays use a solid-phase 
sandwich enzyme-linked immunosorbent assay (ELISA) technique (Figure 9). Briefly: 
• A 96-well microplate is prepared by adding Capture Antibody to each well, after which 
the plate is sealed and incubated at room temperature overnight. The antibody is 
removed, and unbound molecules washed away by washing the plate three times with 
wash buffer; 
• To prevent nonspecific binding the plate is blocked by adding 1% BSA in PBS to each 
well, and the plate is sealed and incubated at room temperature for one hour. After 
incubation, blocking agent is removed and the plate washed three times as before with 
wash buffer. 
• Diluted serum samples are added to each well, and the plate is sealed and incubated 
at room temperature for two hours. After incubation, samples are removed, and 
unbound molecules washed away by washing three times; 
• Biotinylated Detection Antibody is added to each well, and the plate is sealed and 
incubated at room temperature for another two hours. After incubation, antibody is 
removed, and unbound molecules washed away by washing three times; 
• A working solution of Streptavidin Conjugated to Horseradish Peroxidase (HRP) is 
added to each well, and the plate is sealed and incubated for 20 minutes at room 
temperature. After incubation, Streptavidin-HRP is removed, and the plate washed 
three times as before with wash buffer. During the last wash, the substrate solution is 
prepared by mixing equal volumes of 3,3’,5,5’-tetramethylbenzidine and H2O2 
solutions. 
• Substrate solution is added to each well and incubated for 20 minutes at room 
temperature.  




Figure 9. Sandwich enzyme-linked immunosorbent assay (ELISA) technique. HRP – 
Horse radish peroxidase; TMB – 3,3’,5,5’-Tetramethylbenzidine. Created with BioRender. 
 
The optical density was determined using a FLUOstar OPTIMA microplate reader from 
BMG Labtech, set to 450 nm. To correct for optical imperfections in the plate a second reading 
was performed at 570 nm and readings were subtracted from the readings at 450 nm. The 
data were linearized by plotting the log of the mean absorbance against the log of the 
concentration using Microsoft® Excel® version 1904 for Windows (Microsoft Corporation, 
Redmond, WA, USA). CTLA-4, TNF-α and IL-6concentrations were determined using the 
curve fit equation (y = mx + c) generated. The correlation coefficient between the fitted data 
and the actual data was greater than 0.99 for all assays. 
2.2.3. Statistical Analysis   
 
Statistical analysis was carried out using GraphPad Prism version 8.11 for Windows 
(GraphPad Software, La Jolla, CA, USA). The values p < 0.05 (*), p < 0.01 (**) and p < 0.001 
(***) were considered statistically significant. A Kruskal-Wallis test was used to assess 
significance between serum cytokine and serum CTLA-4 levels and clinicopathological data. 
Pearson correlation was used to assess the correlation between CTLA-4 and IL-6/TNF-α 
serum levels. Survival curves were plotted using the Kaplan–Meier (KM) method and the 
statistical significance between groups determined by the Log-rank test. Receiver operating 





2.3.1. Serum CTLA-4 levels 
 
CTLA-4 levels were detectable in 23 (43%) of the 54 cats assessed, showing a median 
of 459.4 pg/mL when detectable (range 77–999.3 pg/mL). In the following analysis, CTLA-4 
serum level is considered to be 0 pg/mL for the 23 patients whose serum level was below the 
detection limit (31.3 pg/mL). The data were tested for associations with clinicopathological 
criteria (Table 1). Serum CTLA-4 levels in the cats with mammary carcinoma were significantly 
higher than those in the healthy group (P=0.022; Figure 10)  
 
Figure 10. Box plot analysis of serum cytotoxic T-lymphocyte associated protein 4 (CTLA-4) 
levels in healthy cats and cats with mammary carcinoma. * P < 0.05; ** P < 0.001; *** P < 0.0001. 
 
Serum CTLA-4 levels were significantly increased in older cats (P=0.009; Figure 11a), 
cats with stage I (P=0.002; Figure 11b) and stage II (P=0.049; Figure 11b) tumors, smaller 
tumors (P<0.001; Figure 11c), no tumor necrosis (P<0.001; Figure 11d), no lymphatic vessel 
invasion  (P=0.006; Figure 11e) and no lymph node involvement (P=0.007; Figure 11f). 
No significant correlation was found between CTLA-4 serum levels and either tumor 
grade (P=0.061), tumor burden (P=0.523), lymphocyte infiltration (P=0.141) or cutaneous 
ulceration (P=0.056) (data not shown). 
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Figure 11. Box plot analysis of serum cytotoxic T-lymphocyte associated protein 4 
(CTLA-4) levels and their association with clinicopathological parameters: a) age (years); b) 
clinical stage; c) tumor size (cm); d) tumor necrosis; e) lymphatic vessel invasion (LVI); f) lymph node 
status (LN). * P < 0.05; ** P < 0.001; *** P < 0.0001. 
 
Serum CTLA-4 levels were also significantly increased in cats with ER-negative 
(P=0.009; Figure 12a), PR-positive (P=0.007; Figure 12b), HER-2-positive (P<0.001; Figure 
12c), non-TN (P=0.041; Figure 12d) and non-basal (P<0.001; Figure 12e) disease subgroups, 
and in cats with a low Ki67 index (P=0.001; Figure 12f). 
23 
 
Figure 12. Box plot analysis of serum cytotoxic T-lymphocyte associated protein 4 
(CTLA-4) levels and their association with immunohistochemical parameters: a) ER status; b) PR 
status; c) HER-2 status; d) Triple negative (TN) status; e) Basal status; f) Ki67 index (<14% or ≥14%). * 
P < 0.05; ** P < 0.001; *** P < 0.0001. 
 
2.3.2. Prognostic value of serum CTLA-4 for overall and disease-free 
survival 
 
The detection limit (DL=31.3 pg/mL), lowest quartile (LQ=317.5 pg/mL), median 
(MD=459.4 pg/mL) and highest quartile (HQ=875.5 pg/mL) were used as cut-point values to 
stratify the data into high and low expression of the regulator. Groups were then tested to 
assess the significance of CTLA-4 levels in terms of OS and DSF. Kaplan-Meier survival 
analysis did not show any significant relationship between CTLA-4 levels and either OS or DFS 




Figure 13. Kaplan–Meier survival curve for serum cytotoxic T-lymphocyte associated 
protein 4 (CTLA-4) high and low groups. The detection limit was used as cut-point. 
 
Median survival times were greater in the CTLA-4low group for three of the cut-point 
values tested (DL, LQ and MD). Median survival time was greater in the CTLA-4high group when 
the highest quartile was used as a cut-point (Table 2). 
 
Table 2. Median survival times (months) for cytotoxic T-lymphocyte associated protein 4 
(CTLA-4) high and low groups. DL – Detection Limit; LQ – Lowest Quartile; MD – Median; HQ – 
Highest Quartile. 
Cut-point CTLA-4low CTLA-4high 
DL (31.3 pg/mL) 23.5 19 
LQ (317.5 pg/mL) 23.5 22 
MD (459.4 pg/mL) 23.5 17 
HQ (875.5 pg/mL) 22 28 
 
2.3.3. Serum TNF-α and IL-6 levels 
 
TNF-α and IL-6 levels were detectable in all the 57 cats assessed, with medians of 
36.10 pg/mL (range 19.11–463.5 pg/mL) and 65.94 pg/mL (range 39.17–766.5 pg/mL) 
respectively. The data were tested for associations with clinicopathological features with TNF-
α levels in the cats with mammary carcinoma being significantly higher than those in the 
healthy group (P=0.011; Figure 14).  
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Figure 14. Box plot analysis of serum tumor necrosis factor alpha (TNF-α) levels in 
healthy cats and cats with mammary carcinoma. * P < 0.05; ** P < 0.001; *** P < 0.0001. 
 
As with CTLA-4, TNF-α levels were significantly increased in cats with stage I tumors 
(P<0.001; Figure 15a), smaller tumors (P<0.001; Figure 15b) and no tumor necrosis (P=0.004; 
Figure 15c). However, there was no significant correlation between TNF-α levels and either 
age, lymph node involvement or lymphatic vessel invasion. 
 
 
TNF-α levels were also increased in cats with positive PR (P=0.004; Figure 16a), 
positive HER-2 (P=0.004; Figure 16b), non-TN (P=0.007; Figure 16c), and non-basal status 
(P=0.008; Figure 16d) and low Ki67 index (P=0.005; Figure 16e).  
Figure 15. Box plot analysis of serum tumor necrosis factor alpha (TNF-α) levels and their 
association with clinicopathological parameters: a) clinical stage; b) tumor size (cm); c) tumor 
necrosis. * P < 0.05; ** P < 0.001; *** P < 0.0001. 
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Figure 16. Box plot analysis of serum tumor necrosis factor alpha (TNF-α) levels and 
their association with immunohistochemical parameters: a) PR status; b) HER-2-status; c) Triple 
negative (TN) status; d) Basal status; e) Ki67 index (<14% or ≥ 14%). * P < 0.05; ** P < 0.001; *** P < 
0.0001. 
In parallel, serum IL-6 levels in the cats with mammary carcinoma were significantly 
higher when compared with healthy cats (P=0.021; Figure 17).  
 
Figure 17. Box plot analysis of serum interleukin 6 (IL-6) levels in healthy cats and cats 
with mammary carcinoma. * P < 0.05; ** P < 0.001; *** P < 0.0001. 
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There was no significant relationship between IL-6 levels and either clinical stage, 
tumor size, tumor necrosis or lymphatic vessel invasion. However, serum IL-6 levels were 
significantly increased in older cats (P=0.030; Figure 18a) and cats with no lymph node 
involvement (P=0.021; Figure 18b).  
Figure 18. Box plot analysis of serum interleukin 6 (IL-6) levels and their association 
with clinicopathological criteria: a) age (years); b) lymph node status. * P < 0.05; ** P < 0.001; *** P 
< 0.0001. 
Serum IL-6 levels were also higher in the cats with PR-positive (P=0.042; Figure 19a) 
and low Ki67 index (P=0.020; Figure 19b) mammary carcinoma.   
2.3.4. Prognostic value of TNF-α and IL-6 for overall and disease-free 
survival 
 
To date, there are no studies specifying the cut-off values for either TNF-α or IL-6 in 
predicting the prognosis of cats with mammary carcinoma. In our study, the Receiver operator 
curve (ROC) analysis of sensitivity versus specificity of the ELISA was performed to determine 
Figure 19.  Box plot analysis of serum interleukin 6 (IL-6) levels and their 
association with immunohistochemical parameters: a) PR status; b) Ki67 index (<14% or ≥ 
14%). * P < 0.05; ** P < 0.001; *** P < 0.0001. 
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the best cut-point values for predicting OS and DFS as well as predict the diagnostic value of 
these cytokines (Figure 20). The best cut-point values identified for TNF-α and IL-6 were 33.2 
pg/mL and 58.4 pg/mL, with an area under the curve of 0.75 (P=0.006) and 0.71 (P=0.022) 
respectively.  
 
Figure 20. Receiver operator curve (ROC) analysis of sensitivity versus specificity for 
tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6): a) TNF-α AUC 0.75 (P=0.006); b) IL-6 
AUC 0.71 (P=0.022). 
 
In Kaplan–Meier survival analysis, no significant relationship was found between either 
TNF-α or IL-6 serum levels and survival (all P values were > 0.05). Survival analysis based on 
median (37.8 pg/mL and 65.94 pg/mL respectively; MD) and highest quartile values (146.2 
pg/mL and 336.6 respectively; HQ) also did not show any statistical significance (all P values 
were > 0.05; Figure 21). 
 
 
Figure 21. Kaplan–Meier survival curve for tumor necrosis factor alpha (TNF-α) and 
interleukin 6 (IL-6) high and low groups. The highest quartile is used as cut-point. 
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For TNF-α median survival time was greater in the TNF-α high group when the cut-point 
value obtained from the ROC curve analysis was used. Median survival times were greater in 
the TNF-α low group for the other two cut-point values tested (Table 3). 
 
Table 3. Median survival times (months) for tumor necrosis factor alpha (TNF-α) high and 
low groups. ROC – Receiver Operating Curve; MD – Median; HQ – Highest Quartile. 
Cut-point TNF-α low TNF-α high 
ROC (33.2 pg/mL) 19 23.5 
MD (38.7 pg/mL) 28 16.5 
HQ (146.2 pg/mL) 23.5 16.5 
 
We were unable to determine the median survival time for the IL-6 low group when the 
cut-point obtained from the ROC curve analysis was used. Survival time was greater in the IL-
6 low group when the median was used as a cut-point. Median survival time was greater in the 
IL-6high group when the highest quartile was used (Table 4). 
Table 4. Median survival times (months) for interleukin 6 (IL-6) high and low groups. ROC 
– Receiver Operating Curve; MD – Median; HQ – Highest Quartile; UD – Undefined. 
Cut-point IL-6 low IL-6 high 
ROC (58.4 pg/mL) UD 16.5 
MD (65.9 pg/mL) 23.5 19 
HQ (336.6 pg/mL) 19 28 
 
2.3.5. Correlation between CTLA-4 and serum TNF-α and IL-6 levels 
   
A significant positive correlation was found between sCTLA-4 and both TNF-α (R= 
0.8860, P<0.001; Figure 22a) and IL-6 levels (R= 0.7285, P<0.001; Figure 22b). Serum TNF-
α and IL-6 levels were also positively correlated (R= 0.7451, P<0.001; Figure 22c). 
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Figure 22. Pearson correlation of serum CTLA-4 and serum TNF-α and IL-6 levels: a) 
serum CTLA-4 and TNF-α (R= 0.8860, P<0.001); b) serum CTLA-4 and IL-6 (R= 0.7285, P<0.001); c) 




2.4.1. Serum CTLA-4 is increased in cats with mammary carcinoma and 
correlates with less aggressive clinicopathological features and positive HER-2 
status 
 
Various published data report increased serum levels of CTLA-4 in cancer patients 
(Erfani et al. 2010; Zhang et al. 2016; Liu, Xie, et al. 2017), with sCTLA-4 showing favourable 
prognostic significance in breast cancer (Liu, Hu, et al. 2017). Accordingly, our investigations 
revealed that CTLA-4 is elevated in the sera of cats with mammary carcinoma. Furthermore, 
higher serum CTLA-4 levels were correlated with less aggressive clinicopathological features: 
smaller tumors; lower stage; absence of necrosis, lymph node involvement or lymphatic vessel 
invasion; positive hormone receptor status; non-TN, non-basal status; and low Ki67 index. The 
elevated serum CTLA-4 levels may reflect an ongoing inflammatory response in the tumor 
microenvironment, where post-activated T-lymphocytes are actively expressing sCTLA-4. 
Proteolytic cleavage of mCTLA-4 concurrent with T-lymphocyte exhaustion, a progressive loss 
of effector function due to prolonged antigen stimulation, may also be a contributing factor 
(Sakthivel et al. 2010), as this event is also observed in cancer patients.  
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The association with less aggressive clinicopathological features may be explained by 
blockade of the mCTLA-4 pathway by sCTLA-4, leading to activation of effector T-lymphocytes 
which contribute to a tumor-suppressive immune environment, as described in humans 
(Saverino et al. 2007; Pérez-García et al. 2013; Simone et al. 2014). Another hypothesis is 
that CTLA-4 may be mediating negative signals into the tumor cells, thus leading to inhibition 
of tumor cell proliferation and/or induction of apoptotic cell death (Salvi et al. 2012).  
In this context, the association found between elevated serum CTLA-4 and HER-2-
positive tumors would seem paradoxical, as this subtype is frequently associated with more 
aggressive features and poorer prognosis in humans. However, a study on HER-2 expression 
in feline mammary carcinoma found a positive correlation between higher HER-2 mRNA 
expression and better clinical outcome (Santos et al. 2013), in accordance with our results. 
Furthermore, a study in a mouse model of HER-2 positive breast cancer found that induced 
intratumoral expression of a CTLA-4 monoclonal antibody not only failed to exert anti-tumor 
effects, but instead stimulated tumor growth and increased the percentage of 
immunosuppressive NK cells (Persson et al. 2011).  
2.4.2. Higher serum CTLA-4 tends to correlate with improved survival in 
cats with mammary carcinoma 
 
In veterinary oncology, particularly with cats, it is often difficult to follow the diseases as 
they progress. As such, most studies are retrospective, and lack significant data associated 
with survival (Zappulli et al. 2005). Although we did have access to survival data in this study, 
we were unable to prove a statistically significant association between serum CTLA-4 levels 
and either OS or DFS for the study group population. However, the crossing survival curves 
suggest that for some cats, serum CTLA-4 might have a positive prognostic value and/or that 
there is a time-dependent effect in play. In these situations, by evaluating the Kaplan–Meier 
curves for each level of the subgroup it’s possible to identify if there is a qualitative interaction 
driving the curves to cross for the population as a whole (Barraclough et al. 2011). We were, 
unfortunately, unable to perform subgroup analyses because of the small sample size, so 
cannot confirm the existence of a subgroup effect.  
Another possibility, when Kaplan–Meier curves come together, is that by this time the 
data are very mature because there are few patients still at risk as most have already died or 
been censored (Barraclough et al. 2011). Given the poor survival time reported for cats with 
mammary carcinoma this could very possibly be the case. If we then consider the data before 
the timepoint at which the survival curves cross as significant, the CTLA-4 high group seems 
to be associated with improved survival.  
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The higher median survival time observed for the CTLA-4high group when the highest 
quartile was used as a cut-point (28 months vs 22 months for the CTLA-4low group) also 
suggests a potentially protective role for serum CTLA-4, which may, however, be concentration 
dependent. These data go in accordance with the strong association found between serum 
CTLA-4 levels and lymph node involvement, lymphatic vessel invasion, and tumor size, which 
are considered some of the most reliable prognostic parameters for feline mammary carcinoma 
(Zappulli et al. 2015). Thus, it is our opinion that the potential value of serum CTLA-4 levels as 
a prognostic parameter for cats with mammary carcinoma should not be dismissed. Further 
investigation is required. 
2.4.3. Serum TNF-α levels are increased in cats with mammary carcinoma 
and correlate with less aggressive clinicopathological features and positive 
HER-2 status 
 
Most cytokines are overexpressed in breast cancer when compared with normal 
tissues, and their serum levels are increased (E. Goldberg and L. Schwertfeger 2010). TNF-α 
is an important pro-inflammatory cytokine with well-known cytotoxic effects. Studies have 
shown that TNF-α production is significantly related to HER-2 overexpression in some cancers 
(Melczer et al. 2003). However, activation of HER-2 suppresses the cytotoxic effects of TNF-
α, being correlated with poor survival (Zhou et al. 2000). In our study, increased serum levels 
of TNF-α were found in cats with mammary carcinoma, particularly in HER-2 positive tumors, 
being correlated with less aggressive clinicopathological features. 
Concerning this result, we propose that TNF-α may be contributing to the modulation 
of the tumor immune response through an alternative, indirect mechanism. It has been shown 
that TNF-α can upregulate CD86 and ICOSL expression (Sato et al. 1999; Rutella and Locatelli 
2012). ICOS is an inducible T-lymphocyte co-stimulator structurally and functionally related to 
CD28 which enhances T-lymphocyte responses to antigens, namely proliferation, secretion of 
cytokines, upregulation of molecules that mediate cell to cell interactions, and effective help 
for antibody secretion by B cells (Hutloff et al. 1999).  
As previously mentioned, CTLA-4 is expressed on the cell surface transiently and then 
recycled through endocytosis initiated by the attachment of adapter protein 2 (AP-2) on its 
cytoplasmic tail (Chuang et al. 1997). However, the interaction of AP-2 with CTLA-4 may be 
replaced by activated phosphatidylinositol 3-kinase (PI3K) (Chuang et al. 1997). Since surface 
CTLA-4 and ICOS are generally gathered around activated TCR, PI3K recruited by ICOS-
ICOSL interaction (Gigoux et al. 2009) might compete with AP-2, reducing endocytosis of 
CTLA-4. A study demonstrating decreased surface CTLA-4 expression and reduced 
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suppressive capacity in Tregs caused by ICOS-Ig partly supports this hypothesis (Zheng et al. 
2013).  
If in our study population the higher levels of serum TNF-α were to be positively 
correlated with decreased tissue expression of CTLA-4, together with an upregulation of CD86, 
which has a relative preference for CD28 compared to CD80 (Pentcheva-Hoang et al. 2004; 
Esensten et al. 2016) we might assume that TNF-α is promoting CD8+ T-lymphocyte activation 
in these animals, contributing to a tumor-suppressive immune response consistent with  less 
aggressive clinicopathological features. We are investigating CTLA-4 expression in the 
matched tumor tissue sections and hope to be able to determine if such an association exists.  
2.4.4. Higher serum TNF-α tends to correlate with worse survival in cats 
with mammary carcinoma 
 
Similarly to what was observed for CTLA-4, Kaplan-Meier survival analysis did not 
show a statistically significant association between serum TNF-α levels and either OS or DFS. 
The TNF-αhigh group seems to tend towards worse survival, and this is supported by the lower 
median survival when the median (16.5 vs 28 months for the TNF-αlow group) and highest 
quartile (16.5 vs 23.5 months for the TNF-αlow group) are used as cut-points. When the cut-
point obtained from ROC analysis is used, however, this trend is inverted with the TNF-αhigh 
having a higher median survival time (23.5 vs 19 months for the TNF-αlow group). These data 
seem to suggest that while some serum TNF-α can be beneficial, higher concentrations 
eventually prove detrimental. Indeed, dose-dependent opposing effects of TNF-α have been 
previously reported (reviewed in Tse et al. 2012). We also cannot exclude a possible subgroup 
effect, associated, for example, with a specific molecular subtype such as HER-2 positive. As 
already stated, activation of HER-2 suppresses the cytotoxic effects of TNF-α via interference 
with the TNF-α apoptotic pathway, and this correlates with a worse prognosis (Zhou et al. 
2000). It may also be that the elevated TNF-α serum levels are not directly contributing to 
prognosis and are just a reflection of advanced disease.  
2.4.5. Serum IL-6 levels are increased in cats with mammary carcinoma 
and correlate with lymph-node negative status and a luminal A-like subtype 
 
In this study higher serum levels of IL-6 were found in the cats with mammary 
carcinoma, when compared to healthy animals. This scenario may reflect a predominant 
infiltration of M1 TAMs and MDSCs, an event reported at the earlier stages of tumor 
development in humans and mouse, as these cells are known to be the main source of pro-
inflammatory cytokines. Tumor derived IL-6 may also be a contributing factor. 
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We also found that increased serum IL-6 levels were correlated with a lymph-node 
negative status, a PR-positive status and a low Ki67 index. The progesterone receptor is an 
ER-regulated gene expressed in over two-thirds of ER-positive breast cancers, being more 
highly expressed in the luminal A subtype (Lim et al. 2016). According to the criteria proposed 
by the St. Gallen International Expert Consensus, the luminal A breast cancer subtype is 
defined as having positive ER and or PR, negative HER-2, low Ki67 index and any CK5/6 
status (Goldhirsch et al. 2013). Luminal A tumors tend to respond well to endocrine therapy, 
have low recurrence scores and generally carry a good prognosis. In cats, a luminal A 
mammary carcinoma subtype has been identified and is also associated with improved survival 
(Soares, Correia, et al. 2016). Studies have demonstrated an association between high IL-6 
expression and PR positivity (Danforth and Sgagias 1993). IL-6 down-regulates the ER and 
enhances estradiol stimulation of PR synthesis. Our findings expand this concept by indicating 
a potential association between increased serum IL-6 levels and a luminal-A like feline 
mammary tumor subtype.  
2.4.6. Higher serum IL-6 tends to correlate with improved survival in cats 
with mammary carcinoma 
 
Again, Kaplan-Meier survival analysis did not show a statistically significant association 
between serum IL-6 levels and either OS or DFS. The survival curves for the IL-6 high and low 
groups, however, cross at several time-points, suggesting a possible subgroup effect. The IL-
6high group seems to tend towards improved survival. Median survival time is higher for the IL-
6high group when the highest quartile is used as a cut-point (28 vs 19 months for the IL6low 
group) supporting this tendency. Taken together, these data seem to suggest a positive 
prognostic role for IL-6.  
This cytokine has been known to skew TAM polarization to the tumor-suppressing M1 
phenotype (Madeddu et al. 2018), and induce CD4+ T-lymphocyte differentiation into the Th17 
phenotype (Wang et al. 2009). If we consider that both M1 TAMs and Th17 T-lymphocytes are 
capable of promoting anti-tumor immune responses, it is tempting to envision that the 
interaction between these cell types is balancing the tumor-promoting immune responses in 
the microenvironment, an event that would be consistent with our observations. The direct 
actions of IL-6 may also play an important role, since it can down-regulate the ER, antagonizing 




2.4.7. Serum CTLA-4 levels correlate with TNF-α and IL-6 levels in cats 
with mammary carcinoma 
 
Our study revealed a positive correlation between CTLA-4 and the pro-inflammatory 
cytokine levels in the sera of cats with feline mammary carcinoma. Several studies indicate 
that serum CTLA-4 is associated with pro-inflammatory cytokine levels. Sakthivel and 
colleagues found that levels of sCTLA-4 were directly related to the levels of pro-inflammatory 
cytokines IL-6, IL-1α, IL-1β, TNF-α and IFN-γ on a study of the Scandinavian 70 year old 
population (Sakthivel et al. 2010). Interestingly, CTLA-4 and IL-6 serum levels were also 
correlated with age in our study, paralleling the findings of Sakthivel and colleagues. Another 
study, conducted on mice, also points to the association between sCTLA-4 and pro-
inflammatory cytokine levels. Grohmann and colleagues found that CTLA-4-Ig can induce 
production of IFN-γ and TNF-α in DCs (Grohmann et al. 2002). A possible reason for this direct 
relation may be activation of certain cell types involved in cancer-associated inflammation, like 
Tregs, which are the main source of sCTLA-4 (Ward et al. 2013). Our ongoing investigations 
into FoxP3 expression in the serum matched tumor tissue sections could shed some light on 
the issue.  
2.5. Conclusions 
 
Despite some inherent challenges, cats are increasingly being used as models for the 
study of spontaneous human diseases. The epidemiological and histological similarities 
between feline mammary tumors and human breast cancer make them especially valuable in 
the field of comparative oncology and contribute a diverse range of opportunities to the “One 
Health” concept. To the best of our knowledge, the present study is the first to report the serum 
profiles of CTLA-4 and pro-inflammatory cytokines TNF-α and IL-6 in cats with mammary 
carcinoma and their correlation with clinicopathological features. The results presented clearly 
demonstrate that serum CTLA-4 levels are increased in cats with mammary carcinoma and 
are positively correlated with pro-inflammatory cytokines levels, advancing the concept of an 
immunomodulatory role for this regulator in breast cancer pathogenesis, as described for 
humans. Furthermore, we demonstrate a clear association between immune activation in the 
mammary tumor microenvironment, as evidenced by the higher levels of serum CTLA-4, IL-6 
and TNF-α, and less aggressive clinicopathological features, consistent with previous 
research. Our findings expand this concept by indicating a potential association with specific 
breast cancer subtypes, namely, HER-2 positive and luminal-A. Although the results from the 
survival analysis were inconclusive, they suggest a potentially concentration-dependent 
protective role for serum CTLA-4 and IL-6, as evidenced by higher median survival times in 
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the CTLA-4high and IL-6high groups. In contrast, TNF-α seems to be a negative prognostic factor. 
An intriguing question that remains is how serum CTLA-4 influences or is influenced by the 
pro-inflammatory cytokines. We are investigating immunohistochemical CTLA-4 expression in 
mammary tumor stroma as a first step in answering this question. Assessment of T-lymphocyte 
subtypes, tumor infiltrating macrophage and myeloid derived suppressor cell profiles, are also 





Adams S, Gray RJ, Demaria S, Goldstein L, Perez EA, Shulman LN, Martino S, Wang 
M, Jones VE, Saphner TJ, et al. 2014. Prognostic Value of Tumor-Infiltrating Lymphocytes in 
Triple-Negative Breast Cancers From Two Phase III Randomized Adjuvant Breast Cancer 
Trials: ECOG 2197 and ECOG 1199. J Clin Oncol. 32(27):2959–2966. 
doi:10.1200/JCO.2013.55.0491. 
 
Adega F, Borges A, Chaves R. 2016. Cat Mammary Tumors: Genetic Models for the 
Human Counterpart. Vet Sci. 3(3):17. doi:10.3390/vetsci3030017. 
 
Barraclough H, Simms L, Govindan R. 2011. Biostatistics Primer: What a Clinician 
Ought to Know: Hazard Ratios. J Thorac Oncol. 6(6):978–982. 
doi:10.1097/JTO.0B013E31821B10AB. [accessed 2019 Jul 3]. 
https://www.sciencedirect.com/science/article/pii/S155608641532030X. 
 
Bell RB, Fernandes RP, Andersen PE, Bell RB, Feng Z, Bifulco CB, Leidner R, 
Weinberg A, Fox BA. 2018 Jan 1. Immunotherapy. Oral, Head Neck Oncol Reconstr 
Surg.:314–340. doi:10.1016/B978-0-323-26568-3.00015-4. [accessed 2019 Jun 26]. 
https://www.sciencedirect.com/science/article/pii/B9780323265683000154. 
 
Ben-Baruch A. 2003. Host microenvironment in breast cancer development: 
inflammatory cells, cytokines and chemokines in breast cancer progression: reciprocal tumor-
microenvironment interactions. Breast Cancer Res. 5(1):31–6. doi:10.1186/BCR554. 
[accessed 2019 Jul 3]. http://www.ncbi.nlm.nih.gov/pubmed/12559043. 
 
Bou-Dargham MJ, Liu Y, Sang Q-XA, Zhang J. 2018. Subgrouping breast cancer 
patients based on immune evasion mechanisms unravels a high involvement of transforming 
growth factor-beta and decoy receptor 3. PLoS One. 13(12):e0207799. 
 
Brown JM, Recht L, Strober S. 2017. The Promise of Targeting Macrophages in Cancer 
Therapy. Clin Cancer Res. 23(13):3241–3250. doi:10.1158/1078-0432.CCR-16-3122. 
[accessed 2019 Jun 25]. http://www.ncbi.nlm.nih.gov/pubmed/28341752. 
 
Cannon C. 2015. Cats, Cancer and Comparative Oncology. Vet Sci. 2(3):111–126. 
doi:10.3390/vetsci2030111. 
 
Chakrabarti R, Kapse B, Mukherjee G. 2019. Soluble immune checkpoint molecules: 
Serum markers for cancer diagnosis and prognosis. Cancer Rep.(December 2018):e1160. 
doi:10.1002/cnr2.1160. 
 
Chang Q, Bournazou E, Sansone P, Berishaj M, Gao SP, Daly L, Wels J, Theilen T, 
Granitto S, Zhang X, et al. 2015. The IL-6/JAK/Stat3 Feed-Forward Loop Drives 
Tumorigenesis and Metastasis. Neoplasia. 15(7):848-IN45. doi:10.1593/neo.13706. 
 
Chow MT, Möller A, Smyth MJ. 2012. Inflammation and immune surveillance in cancer. 
Semin Cancer Biol. 22(1):23–32. doi:10.1016/J.SEMCANCER.2011.12.004. [accessed 2019 
Jun 25]. https://www.sciencedirect.com/science/article/pii/S1044579X11001052. 
 
Chuang E, Alegre ML, Duckett CS, Noel PJ, Vander Heiden MG, Thompson CB. 1997. 
Interaction of CTLA-4 with the clathrin-associated protein AP50 results in ligand-independent 
endocytosis that limits cell surface expression. J Immunol. 159(1):144–51. [accessed 2019 
Jun 24]. http://www.ncbi.nlm.nih.gov/pubmed/9200449. 
 
Collison LW, Workman CJ, Kuo TT, Boyd K, Wang Y, Vignali KM, Cross R, Sehy D, 
38 
 
Blumberg RS, Vignali DAA. 2007. The inhibitory cytokine IL-35 contributes to regulatory T-cell 
function. Nature. 450(7169):566–569. doi:10.1038/nature06306. [accessed 2019 Jun 24]. 
http://www.nature.com/articles/nature06306. 
 
Coussens LM, Werb Z. 2010. Coussens L, Werb Z. Inflammation and cancer. Nature. 
2002;420(6917): 860–867. doi:10.1038/nature01322. 420(6917):860–867. 
doi:10.1038/nature01322.Inflammation. 
 
Cui S, Reichner JS, Mateo RB, Albina JE. 1994. Activated Murine Macrophages Induce 
Apoptosis in Tumor Cells through Nitric Oxide-dependent or -independent Mechanisms. 
Cancer Res. 54(9):2462–2467. 
 
Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P, Evdemon-Hogan M, 
Conejo-Garcia JR, Zhang L, Burow M, et al. 2004. Specific recruitment of regulatory T cells in 
ovarian carcinoma fosters immune privilege and predicts reduced survival. Nat Med. 
10(9):942–949. doi:10.1038/nm1093. 
 
Dahal LN, Basu N, Youssef H, Khanolkar RC, Barker RN, Erwig LP, Ward FJ. 2016. 
Immunoregulatory soluble CTLA-4 modifies effector T-cell responses in systemic lupus 
erythematosus. Arthritis Res Ther. 18:180. doi:10.1186/s13075-016-1075-1. 
 
Danforth DN, Sgagias MK. 1993. Interleukin-1 alpha and interleukin-6 act additively to 
inhibit growth of MCF-7 breast cancer cells in vitro. Cancer Res. 53(7):1538–45. [accessed 
2019 Jul 5]. http://www.ncbi.nlm.nih.gov/pubmed/8453620. 
 
Dejean AS, Beisner DR, Ch’en IL, Kerdiles YM, Babour A, Arden KC, Castrillon DH, 
DePinho RA, Hedrick SM. 2009. Transcription factor Foxo3 controls the magnitude of T cell 
immune responses by modulating the function of dendritic cells. Nat Immunol. 10(5):504–513. 
doi:10.1038/ni.1729. 
 
DeNardo DG, Barreto JB, Andreu P, Vasquez L, Tawfik D, Kolhatkar N, Coussens LM. 
2009. CD4+ T Cells Regulate Pulmonary Metastasis of Mammary Carcinomas by Enhancing 
Protumor Properties of Macrophages. Cancer Cell. 16(2):91–102. 
doi:https://doi.org/10.1016/j.ccr.2009.06.018. 
 
DeNardo DG, Coussens LM. 2007. Inflammation and breast cancer. Balancing immune 
response: Crosstalk between adaptive and innate immune cells during breast cancer 
progression. Breast Cancer Res. 9(4):1–10. doi:10.1186/bcr1746. 
 
Denesha J, Coleman G, Bell GL, Dawson S, Nutland S, Moran C, Pekalski M, Clark J, 
Duley S, Rainbow DB, et al. 2014. Investigation of Soluble and Transmembrane CTLA-4 
Isoforms in Serum and Microvesicles. J Immunol. 193(2):889–900. 
doi:10.4049/jimmunol.1303389. 
 
E. Goldberg J, L. Schwertfeger K. 2010. Proinflammatory Cytokines in Breast Cancer: 
Mechanisms of Action and Potential Targets for Therapeutics. Curr Drug Targets. 11(9):1133–
1146. doi:10.2174/138945010792006799. 
 
Emens LA. 2012. Breast cancer immunobiology driving immunotherapy: vaccines and 
immune checkpoint blockade. Expert Rev Anticancer Ther. 12(12):1597–1611. 
doi:10.1586/era.12.147. 
 
Erdman SE, Sohn JJ, Rao VP, Nambiar PR, Ge Z, Fox JG, Schauer DB. 2005. 
CD4+CD25+ Regulatory Lymphocytes Induce Regression of Intestinal Tumors in Apc Min/+ 
Mice. Cancer Res. 65(10):3998 LP – 4004. doi:10.1158/0008-5472.CAN-04-3104. 
39 
 
Erfani N, Razmkhah M, Ghaderi A. 2010. Circulating soluble CTLA4 (sCTLA4) is 
elevated in patients with breast cancer. Cancer Invest. 28(8):828–832. 
doi:10.3109/07357901003630934. 
 
Esensten JH, Helou YA, Chopra G, Weiss A, Bluestone JA. 2016. CD28 Costimulation: 
From Mechanism to Therapy. Immunity. 44(5):973–988. doi:10.1016/j.immuni.2016.04.020. 
 
Federico A, Morgillo F, Tuccillo C, Ciardiello F, Loguercio C. 2007. Chronic 
inflammation and oxidative stress in human carcinogenesis. Int J Cancer. 121(11):2381–2386. 
doi:10.1002/ijc.23192. 
 
Fisher DT, Appenheimer MM, Evans SS. 2015. The two faces of IL-6 in the tumor 
microenvironment. Semin Immunol. 26(1):38–47. doi:10.1016/j.smim.2014.01.008. 
 
Garcês A, Delgado L, Brilhante Simões P, Pires IC, Queiroga FI, Prada J. 2019. Most 
Frequent Feline Tumours - A Breed Approach 10-Year Retrospective Study. In: XV Congresso 




Gigoux M, Shang J, Pak Y, Xu M, Choe J, Mak TW, Suh W-K. 2009. Inducible 
costimulator promotes helper T-cell differentiation through phosphoinositide 3-kinase. Proc 
Natl Acad Sci U S A. 106(48):20371–6. doi:10.1073/pnas.0911573106. [accessed 2019 Jun 
24]. http://www.ncbi.nlm.nih.gov/pubmed/19915142. 
 
Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M, Thürlimann B, 
Senn H-J, Albain KS, André F, Bergh J, et al. 2013. Personalizing the treatment of women with 
early breast cancer: highlights of the St Gallen International Expert Consensus on the Primary 
Therapy of Early Breast Cancer 2013. Ann Oncol. 24(9):2206–2223. 
doi:10.1093/annonc/mdt303. [accessed 2019 Jul 5]. https://academic.oup.com/annonc/article-
lookup/doi/10.1093/annonc/mdt303. 
 
Goldschmidt MH, Peña L, Zappulli V. 2016. Tumors of the Mammary Gland. Tumors 
Domest Anim.:723–765. doi:doi:10.1002/9781119181200.ch17. 
 
Grohmann U, Orabona C, Fallarino F, Vacca C, Calcinaro F, Falorni A, Candeloro P, 
Belladonna ML, Bianchi R, Fioretti MC, et al. 2002. CTLA-4–Ig regulates tryptophan catabolism 
in vivo. Nat Immunol. 3(11):1097–1101. doi:10.1038/ni846. [accessed 2019 Jul 3]. 
http://www.nature.com/articles/ni846. 
 
Hussain SP, Harris CC. 2007. Inflammation and cancer: An ancient link with novel 
potentials. Int J Cancer. 121(11):2373–2380. doi:10.1002/ijc.23173. 
 
Hutloff A, Dittrich AM, Beier KC, Eljaschewitsch B, Kraft R, Anagnostopoulos I, Kroczek 
RA. 1999. ICOS is an inducible T-cell co-stimulator structurally and functionally related to 
CD28. Nature. 397(6716):263–266. doi:10.1038/16717. [accessed 2019 Jun 24]. 
http://www.ncbi.nlm.nih.gov/pubmed/9930702. 
 
Jackute J, Zemaitis M, Pranys D, Sitkauskiene B, Miliauskas S, Vaitkiene S, 
Sakalauskas R. 2018. Distribution of M1 and M2 macrophages in tumor islets and stroma in 
relation to prognosis of non-small cell lung cancer. BMC Immunol. 19. doi:10.1186/S12865-
018-0241-4. [accessed 2019 Jun 25]. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5781310/. 
 
Jarnicki AG, Lysaght J, Todryk S, Mills KHG. 2006. Suppression of antitumor immunity 
40 
 
by IL-10 and TGF-beta-producing T cells infiltrating the growing tumor: influence of tumor 
environment on the induction of CD4+ and CD8+ regulatory T cells. J Immunol. 177(2):896–
904. doi:10.4049/jimmunol.177.2.896. [accessed 2019 Jun 24]. 
http://www.ncbi.nlm.nih.gov/pubmed/16818744. 
 
Kim G, Ouzounova M, Quraishi AA, Davis A, Tawakkol N, Clouthier SG, Malik F, 
Paulson AK, D’Angelo RC, Korkaya S, et al. 2014. SOCS3-mediated regulation of 
inflammatory cytokines in PTEN and p53 inactivated triple negative breast cancer model. 
Oncogene. 34:671. 
 
Knüpfer H, Preiß R. 2007. Significance of interleukin-6 (IL-6) in breast cancer (review). 
Breast Cancer Res Treat. 102(2):129–135. doi:10.1007/s10549-006-9328-3. 
 
Kumar V, Patel S, Tcyganov E, Gabrilovich DI. 2016. The Nature of Myeloid-Derived 
Suppressor Cells in the Tumor Microenvironment. Trends Immunol. 37(3):208–220. 
doi:10.1016/J.IT.2016.01.004. [accessed 2019 Mar 28]. 
https://www.sciencedirect.com/science/article/pii/S1471490616000053?via%3Dihub. 
 
Lim E, Palmieri C, Tilley WD. 2016. Renewed interest in the progesterone receptor in 
breast cancer. Br J Cancer. 115(8):909. doi:10.1038/BJC.2016.303. [accessed 2019 Jul 6]. 
http://www.ncbi.nlm.nih.gov/pubmed/27657336. 
 
Lin W, Karin M. 2007. A cytokine-mediated link between innate immunity , inflammation 
, and cancer. J Clin Invest. 117(5):1175–1183. doi:10.1172/JCI31537.data. 
 
Lingel H, Wissing J, Arra A, Schanze D, Lienenklaus S, Klawonn F, Pierau M, Zenker 
M, Jänsch L, Brunner-Weinzierl MC. 2017. CTLA-4-mediated posttranslational modifications 
direct cytotoxic T-lymphocyte differentiation. Cell Death Differ. 24:1739. 
 
Liu Q, Hu P, Deng G, Zhang Jingxin, Liang N, Xie J, Qiao L, Luo H, Zhang Jiandong. 
2017. Soluble cytotoxic T-lymphocyte antigen 4: A favorable predictor in malignant tumors after 
therapy. Onco Targets Ther. 10:2147–2154. doi:10.2147/OTT.S128451. 
 
Liu Q, Xie J, Deng G, Liang N, Zhang Jiandong, Hu P, Zhang Jingxin. 2017. The 
prognostic value of cytotoxic T-lymphocyte antigen 4 in cancers: a systematic review and meta-
analysis. Sci Rep. 7(1):1–10. doi:10.1038/srep42913. 
 
Lüftner D, Lüke C, Possinger K. 2003. Serum HER-2 / neu in the management of breast 
cancer patients. Clin Biochem. 36:233–240. doi:10.1016/S0009-9120(03)00026-2. 
 
Ma G, Pan P-Y, Eisenstein S, Divino CM, Lowell CA, Takai T, Chen S-H. 2011. Paired 
immunoglobin-like receptor-B regulates the suppressive function and fate of myeloid-derived 
suppressor cells. Immunity. 34(3):385–95. doi:10.1016/j.immuni.2011.02.004. [accessed 2019 
Jun 25]. http://www.ncbi.nlm.nih.gov/pubmed/21376641. 
 
Madeddu C, Gramignano G, Kotsonis P, Coghe F, Atzeni V, Scartozzi M, Macciò A. 
2018. Microenvironmental M1 tumor-associated macrophage polarization influences cancer-
related anemia in advanced ovarian cancer: key role of interleukin-6. Haematologica. 
103(9):e388. doi:10.3324/HAEMATOL.2018.191551. [accessed 2019 Jun 25]. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6119148/. 
 
Maniscalco L, Iussich S, Martín de las Mulas J, Millán Y, Biolatti B, Sasaki N, Nakagawa 
T, De Maria R. 2012. Activation of AKT in feline mammary carcinoma: A new prognostic factor 
for feline mammary tumours. Vet J. 191(1):65–71. doi:10.1016/J.TVJL.2010.12.016. 





Mantovani A, Marchesi F, Malesci A, Laghi L, Allavena P. 2017. Tumour-associated 
macrophages as treatment targets in oncology. Nat Rev Clin Oncol. 14(7):399–416. 
doi:10.1038/nrclinonc.2016.217. [accessed 2019 Jun 25]. 
http://www.ncbi.nlm.nih.gov/pubmed/28117416. 
 
De Maria R, Olivero M, Iussich S, Nakaichi M, Murata T, Biolatti B, Di Renzo MF. 2005. 
Spontaneous feline mammary carcinoma is a model of HER2 overexpressing poor prognosis 
human breast cancer. Cancer Res. 65(3):907–912. 
 
Markowitz J, Wesolowski R, Papenfuss T, Brooks TR, Carson WE. 2013. Myeloid-
derived suppressor cells in breast cancer. Breast Cancer Res Treat. 140(1):13–21. 
doi:10.1007/s10549-013-2618-7. 
 
Martin-Orozco N, Muranski P, Chung Y, Yang XO, Yamazaki T, Lu S, Hwu P, Restifo 
NP, Overwijk WW, Dong C. 2009. T helper 17 cells promote cytotoxic T cell activation in tumor 
immunity. Immunity. 31(5):787–98. doi:10.1016/j.immuni.2009.09.014. [accessed 2019 Jul 1]. 
http://www.ncbi.nlm.nih.gov/pubmed/19879162. 
 
Mayr B, Blauensteiner J, Edlinger A, Reifinger M, Alton K, Schaffner G, Brem G. 2000. 
Presence of p53 mutations in feline neoplasms. Res Vet Sci. 68(1):63–69. 
doi:10.1053/RVSC.1999.0339. [accessed 2019 Apr 22]. 
https://www.sciencedirect.com/science/article/abs/pii/S0034528899903399. 
 
Melczer Z, Bánhidy F, Csömör S, Siklós P, Dworak O, Cseh K. 2003. ErbB-2/HER-2 
protein expression, serum tumour necrosis factor-alpha (TFM-alpha) and soluble tumour 
necrosis factor receptor-2 (TNFR-2) concentrations in human carcinoma of the uterine cervix. 
Eur J Gynaecol Oncol. 24(2):138–42. [accessed 2019 Jul 5]. 
http://www.ncbi.nlm.nih.gov/pubmed/12701963. 
 
Narfström K, Deckman KH, Menotti-Raymond M. 2013. Cats: A Gold Mine for 
Ophthalmology. Annu Rev Anim Biosci. 1(1):157–177. doi:10.1146/annurev-animal-031412-
103629. [accessed 2019 Jun 27]. http://www.annualreviews.org/doi/10.1146/annurev-animal-
031412-103629. 
 
Nausch N, Galani IE, Schlecker E, Cerwenka A. 2008. Mononuclear myeloid-derived 
“suppressor” cells express RAE-1 and activate natural killer cells. Blood. 112(10):4080 LP – 
4089. doi:10.1182/blood-2008-03-143776. 
 
O’Sullivan T, Saddawi-Konefka R, Vermi W, Koebel CM, Arthur C, White JM, Uppaluri 
R, Andrews DM, Ngiow SF, Teng MWL, et al. 2012. Cancer immunoediting by the innate 
immune system in the absence of adaptive immunity. J Exp Med. 209(10):1869–1882. 
doi:10.1084/JEM.20112738. [accessed 2019 Jun 25]. 
http://jem.rupress.org/content/209/10/1869.long. 
 
Oaks MK, Hallett KM, Penwell RT, Stauber EC, Warren SJ, Tector AJ. 2000. A native 
soluble form of CTLA-4. Cell Immunol. 201(2):144–153. doi:10.1006/cimm.2000.1649. 
 
Ohno K, Fujiki M, Khatlani TS, Inokuma H, Onishi T. 1999. Cloning of Feline cDNA 
Encoding the Cytotoxic T Lymphocyte-Associated Antigen 4. J Vet Med Sci. 61(11):1241–
1244. 
Pandiyan P, Zheng L, Ishihara S, Reed J, Lenardo MJ. 2007. CD4+CD25+Foxp3+ 
regulatory T cells induce cytokine deprivation–mediated apoptosis of effector CD4+ T cells. 
Nat Immunol. 8:1353. 
42 
 
Pentcheva-Hoang T, Egen JG, Wojnoonski K, Allison JP. 2004. B7-1 and B7-2 
Selectively Recruit CTLA-4 and CD28 to the Immunological Synapse. Immunity. 21(3):401–
413. doi:10.1016/J.IMMUNI.2004.06.017. [accessed 2019 Jun 24]. 
https://www.sciencedirect.com/science/article/pii/S1074761304002109. 
 
Pérez-García A, Osca G, Bosch-Vizcaya A, Kelleher N, Santos NY, Rodríguez R, 
González Y, Roncero JM, Coll R, Serrando M, et al. 2013. Kinetics of the CTLA-4 isoforms 
expression after T-lymphocyte activation and role of the promoter polymorphisms on CTLA-4 
gene transcription. Hum Immunol. 74(9):1219–1224. doi:10.1016/J.HUMIMM.2013.05.012. 
[accessed 2019 May 20]. 
https://www.sciencedirect.com/science/article/pii/S0198885913001535?via%3Dihub. 
 
Persson J, Liu Y, Yumul R, Beyer I, Kiem H-P, Roffler S, Lieber A. 2011. Intratumoral 
Expression of CTLA4 Monoclonal Antibody Induces Immunosuppressive NKT Cells in a Mouse 
Model of Breast Cancer with Tolerance to Her2/neu. Mol Ther. 19:S88–S89. 
doi:10.1016/S1525-0016(16)36798-3. [accessed 2019 Jul 3]. 
https://www.sciencedirect.com/science/article/pii/S1525001616367983. 
 
Pico de Coaña Y, Masucci G, Hansson J, Kiessling R. 2014. Myeloid-derived 
suppressor cells and their role in CTLA-4 blockade therapy. Cancer Immunol Immunother. 
63(9):977–983. doi:10.1007/s00262-014-1570-7. 
 
Del Prete A, Allavena P, Santoro G, Fumarulo R, Corsi MM, Mantovani A. 2011. 
Molecular pathways in cancer-related inflammation. Biochem Medica. 21(3):264 LP – 275. 
doi:10.11613/BM.2011.036. 
 
Qureshi OS, Zheng Y, Nakamura K, Attridge K, Manzotti C, Schmidt EM, Baker J, 
Jeffery LE, Kaur S, Briggs Z, et al. 2011. Trans-endocytosis of CD80 and CD86: a molecular 
basis for the cell-extrinsic function of CTLA-4. Science. 332(6029):600–603. 
doi:10.1126/science.1202947. 
 
Raposo T, Gregório H, Pires I, Prada J, Queiroga FL. 2014. Prognostic value of tumour-
associated macrophages in canine mammary tumours. Vet Comp Oncol. 12(1):10–19. 
doi:10.1111/j.1476-5829.2012.00326.x. 
 
Ressel L, Millanta F, Caleri E, Innocenti VM, Poli A. 2009. Reduced PTEN Protein 
Expression and Its Prognostic Implications in Canine and Feline Mammary Tumors. Vet 
Pathol. 46(5):860–868. doi:10.1354/vp.08-VP-0273-P-FL. 
 
Rutella S, Locatelli F. 2012. Targeting multiple-myeloma-induced immune dysfunction 
to improve immunotherapy outcomes. Clin Dev Immunol. 2012:196063. 
doi:10.1155/2012/196063. [accessed 2019 Jun 24]. 
http://www.ncbi.nlm.nih.gov/pubmed/22567028. 
 
Safarzadeh E, Hashemzadeh S, Duijf PHG, Mansoori B, Khaze V, Mohammadi A, 
Kazemi T, Yousefi M, Asadi M, Mohammadi H, et al. 2019. Circulating myeloid-derived 
suppressor cells: An independent prognostic factor in patients with breast cancer. J Cell 
Physiol. 234(4):3515–3525. doi:10.1002/jcp.26896. 
 
Sakthivel P, Wermeling F, Elmgren A, Hulthe J, Kakoulidou M, Kari Lefvert A, Lind L. 
2010. Circulating soluble CTLA-4 is related to inflammatory markers in the 70 year old 
population. Scand J Clin Lab Invest. 70(4):237–243. doi:10.3109/00365511003695608. 
 
Salvi S, Fontana V, Boccardo S, Merlo DF, Margallo E, Laurent S, Morabito A, Rijavec 
E, Dal Bello MG, Mora M, et al. 2012. Evaluation of CTLA-4 expression and relevance as a 
43 
 
novel prognostic factor in patients with non-small cell lung cancer. Cancer Immunol 
Immunother. 61(9):1463–1472. doi:10.1007/s00262-012-1211-y. [accessed 2019 Jul 3]. 
http://link.springer.com/10.1007/s00262-012-1211-y. 
 
Santos S, Baptista CS, Abreu RM V, Bastos E, Amorim I, Gut IG, Gärtner F, Chaves 
R. 2013. ERBB2 in Cat Mammary Neoplasias Disclosed a Positive Correlation between RNA 
and Protein Low Expression Levels: A Model for erbB-2 Negative Human Breast Cancer. PLoS 
One. 8(12):e83673. 
 
Sato K, Nagayama H, Tadokoro K, Juji T, Takahashi TA. 1999. Extracellular Signal-
Regulated Kinase, Stress-Activated Protein Kinase/c-Jun N-Terminal Kinase, and 
p38&lt;sup&gt;&lt;em&gt;mapk&lt;/em&gt;&lt;/sup&gt; Are Involved in IL-10-Mediated 
Selective Repression of TNF-α-Induced Activation and Maturation of Human. J Immunol. 
162(7):3865 LP – 3872. 
 
Saverino D, Brizzolara R, Simone R, Chiappori A, Milintenda-Floriani F, Pesce G, 
Bagnasco M. 2007. Soluble CTLA-4 in autoimmune thyroid diseases: Relationship with clinical 
status and possible role in the immune response dysregulation. Clin Immunol. 123(2):190–
198. doi:10.1016/J.CLIM.2007.01.003. [accessed 2019 May 20]. 
https://www.sciencedirect.com/science/article/pii/S152166160700006X?via%3Dihub. 
 
Schetter AJ, Heegaard NHH, Harris CC. 2009. Inflammation and cancer: Interweaving 
microRNA, free radical, cytokine and p53 pathways. Carcinogenesis. 31(1):37–49. 
doi:10.1093/carcin/bgp272. 
 
Shang B, Liu Yao, Jiang S-J, Liu Yi. 2015. Prognostic value of tumor-infiltrating FoxP3 
+ regulatory T cells in cancers: a systematic review and meta-analysis. 
doi:10.1038/srep15179. [accessed 2019 Jul 1]. www.nature.com/scientificreports. 
 
Sharpe AH, Freeman GJ. 2002. The B7–CD28 superfamily. Nat Rev Immunol. 
2(2):116–126. doi:10.1038/nri727. 
 
Simone R, Pesce G, Antola P, Rumbullaku M, Bagnasco M, Bizzaro N, Saverino D. 
2014. The soluble form of CTLA-4 from serum of patients with autoimmune diseases regulates 
T-cell responses. Biomed Res Int. 2014:215763. doi:10.1155/2014/215763. [accessed 2019 
Jun 18]. http://www.ncbi.nlm.nih.gov/pubmed/24605322. 
 
Simone R, Saverino D. 2009. The Soluble CTLA-4 Receptor and its Emerging Role in 
Autoimmune Diseases. Curr Immunol Rev. 5(1):54–68. doi:10.2174/157339509787314413. 




Soares M, Correia J, Peleteiro MC, Ferreira F. 2016. St Gallen molecular subtypes in 
feline mammary carcinoma and paired metastases—disease progression and clinical 
implications from a 3-year follow-up study. Tumor Biol. 37(3):4053–4064. doi:10.1007/s13277-
015-4251-z. [accessed 2019 Jul 1]. http://link.springer.com/10.1007/s13277-015-4251-z. 
 
Soares M, Ribeiro R, Najmudin S, Gameiro A, Rodrigues R, Cardoso F, Ferreira F, 
Soares M, Ribeiro R, Najmudin S, et al. 2016. Serum HER2 levels are increased in cats with 
mammary carcinomas and predict tissue HER2 status. Oncotarget. 7(14):17314–17326. 
doi:10.18632/oncotarget.7551. [accessed 2019 Jul 1]. 
http://www.oncotarget.com/fulltext/7551. 
 
Sparger EE, Murphy BG, Kamal FM, Arzi B, Naydan D, Skouritakis CT, Cox DP, 
44 
 
Skorupski K. 2018. Investigation of immune cell markers in feline oral squamous cell 
carcinoma. Vet Immunol Immunopathol. 202:52–62. doi:10.1016/J.VETIMM.2018.06.011. 
[accessed 2019 Jun 24]. 
https://www.sciencedirect.com/science/article/pii/S0165242717305032?via%3Dihub. 
 
Stockmann C, Doedens A, Weidemann A, Zhang N, Takeda N, Greenberg JI, Cheresh 
DA, Johnson RS. 2008. Deletion of vascular endothelial growth factor in myeloid cells 
accelerates tumorigenesis. Nature. 456:814. 
 
Tan W, Zhang W, Strasner A, Grivennikov S, Cheng JQ, Hoffman RM, Karin M. 2011. 
Tumour-infiltrating regulatory T cells stimulate mammary cancer metastasis through RANKL-
RANK signalling. Nature. 470(7335):548–553. doi:10.1038/nature09707. 
 
Thomas R. 2015. Cytogenomics of Feline Cancers: Advances and Opportunities. Vet 
Sci. 2(3):246–258. doi:10.3390/vetsci2030246. 
 
Tse BWC, Scott KF, Russell PJ. 2012. Paradoxical roles of tumour necrosis factor-
alpha in prostate cancer biology. Prostate Cancer. 2012:128965. doi:10.1155/2012/128965. 
[accessed 2019 Jul 3]. http://www.ncbi.nlm.nih.gov/pubmed/23326670. 
 
De Vico G, Maiolino P. 2008. Canine and Feline Models for Cancer. In: Sourcebook of 
Models for Biomedical Research. Totowa, NJ: Humana Press. p. 677–682. [accessed 2019 
Jun 27]. http://link.springer.com/10.1007/978-1-59745-285-4_70. 
 
Walker LSK, Sansom DM. 2015. Confusing signals: Recent progress in CTLA-4 
biology. Trends Immunol. 36(2):63–70. doi:10.1016/j.it.2014.12.001. 
 
Wang H, Franco F, Ho P-C. 2017. Metabolic Regulation of Tregs in Cancer: 
Opportunities for Immunotherapy. Trends in Cancer. 3(8):583–592. 
doi:10.1016/J.TRECAN.2017.06.005. [accessed 2019 Mar 28]. 
https://www.sciencedirect.com/science/article/pii/S240580331730122X?via%3Dihub. 
 
Wang L, Yi T, Kortylewski M, Pardoll DM, Zeng D, Yu H. 2009. IL-17 can promote tumor 
growth through an IL-6-Stat3 signaling pathway. J Exp Med. 206(7):1457–64. 
doi:10.1084/jem.20090207. [accessed 2019 Jul 1]. 
http://www.ncbi.nlm.nih.gov/pubmed/19564351. 
 
Wang X, Lin Y. 2008. Tumor necrosis factor and cancer, buddies or foes? Acta 
Pharmacol Sin. 29(11):1275. doi:10.1111/J.1745-7254.2008.00889.X. [accessed 2019 Jul 3]. 
http://www.ncbi.nlm.nih.gov/pubmed/18954521. 
 
Ward FJ, Dahal LN, Wijesekera SK, Abdul-Jawad SK, Kaewarpai T, Xu H, Vickers MA, 
Barker RN. 2013. The soluble isoform of CTLA-4 as a regulator of T-cell responses. Eur J 
Immunol. 43(5):1274–1285. doi:10.1002/eji.201242529. 
 
Wing K, Onishi Y, Prieto-martin P, Yamaguchi T, Miyara M, Fehervari Z, Nomura T, 
Sakaguchi S. 2008. CTLA-4 Control over Foxp3 + Regulatory T Cell Function. Science (80- ). 
322(5899)(October):271–275. 
 
Wing K, Yamaguchi T, Sakaguchi S. 2011. Cell-autonomous and -non-autonomous 
roles of CTLA-4 in immune regulation. Trends Immunol. 32(9):428–433. 
doi:10.1016/j.it.2011.06.002. 
 
Yang L, Qi Y, Hu J, Tang L, Zhao S, Shan B. 2012. Expression of Th17 Cells in Breast 
Cancer Tissue and Its Association with Clinical Parameters. Cell Biochem Biophys. 62(1):153–
45 
 
159. doi:10.1007/s12013-011-9276-3. [accessed 2019 Jul 1]. 
http://link.springer.com/10.1007/s12013-011-9276-3. 
 
Yu H, Yang J, Jiao S, Li Y, Zhang W, Wang J. 2015. Cytotoxic T lymphocyte antigen 4 
expression in human breast cancer: implications for prognosis. Cancer Immunol Immunother. 
64(7):853–860. doi:10.1007/s00262-015-1696-2. 
 
Zappulli V, Rasotto R, Caliari D, Mainenti M, Peña L, Goldschmidt MH, Kiupel M. 2015. 
Prognostic Evaluation of Feline Mammary Carcinomas: A Review of the Literature. Vet Pathol. 
52(1):46–60. doi:10.1177/0300985814528221. 
 
Zappulli V, De Zan G, Cardazzo B, Bargelloni L, Castagnaro M. 2005. Feline mammary 
tumours in comparative oncology. J Dairy Res. 72(S1):98–106. 
doi:10.1017/S0022029905001263. [accessed 2019 Jun 28]. 
https://www.cambridge.org/core/product/identifier/S0022029905001263/type/journal_article. 
 
Zhang X-F, Pan K, Weng D-S, Chen C-L, Wang Q-J, Zhao J-J, Pan Q-Z, Liu Q, Jiang 
S-S, Li Y-Q, et al. 2016. Cytotoxic T lymphocyte antigen-4 expression in esophageal 
carcinoma: implications for prognosis. Oncotarget. 7(18):26670–26679. 
doi:10.18632/oncotarget.8476. [accessed 2019 May 20]. 
http://www.oncotarget.com/fulltext/8476. 
 
Zheng J, Chan P-L, Liu Y, Qin G, Xiang Z, Lam K-T, Lewis DB, Lau Y-L, Tu W. 2013. 
ICOS Regulates the Generation and Function of Human CD4+ Treg in a CTLA-4 Dependent 
Manner. Rotzschke O, editor. PLoS One. 8(12):e82203. doi:10.1371/journal.pone.0082203. 
[accessed 2019 Jun 24]. https://dx.plos.org/10.1371/journal.pone.0082203. 
 
Zhou BP, Hu MCT, Miller SA, Yu Z, Xia W, Lin S-Y, Hung M-C. 2000. HER-2/neu blocks 
tumor necrosis factor-induced apoptosis via the Akt/NF-κB pathway. J Biol Chem. 







ANNEX I – Results of the Statistical Analysis 
 
 
Results for CTLA-4 
 
Descriptive Statistics for healthy animals  
 
Number of values 12 
  
Minimum 00.0 
25% Percentile 00.0 
Median 00.0 





Std. Deviation 15.8 
Std. Error of Mean 4.56 
 
Descriptive Statistics for animals with disease (all) 
 
Number of values 57 
  
Minimum 0.0 
25% Percentile 0.0 
Median 0.0 





Std. Deviation 337.0 
Std. Error of Mean 44.64 
 
Descriptive Statistics for animals with disease (detectable) 
 
Number of values 23 
  
Minimum 77.05 
25% Percentile 317.05 
Median 459.4 





Std. Deviation 315.7 





Mann-Whitney test of Healthy vs Disease 
 
P value 
Exact or approximate P value? 
P value summary 
Significantly different (P < 0.05)? 
One- or two-tailed P value? 
Sum of ranks in column A,B 
Mann-Whitney U 
 
Difference between medians 
Median of column A 

















Kruskal-Wallis test of Age (years) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Age (years): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. <8 
Healthy vs. 8-12 
Healthy vs. >12 
<8 vs. 8-12 
<8 vs. >12 
8-12 vs. >12 
 
Test details 
Healthy vs. <8 
Healthy vs. 8-12 
Healthy vs. >12 
<8 vs. 8-12 
<8 vs. >12 



















































































Kruskal-Wallis test of Stage 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Stage: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. I 
Healthy vs. II 
Healthy vs. III 
Healthy vs. IV 
I vs. II 
I vs. III 
I vs. IV 
II vs. III 
II vs. IV 
III vs. IV 
 
Test details 
Healthy vs. I 
Healthy vs. II 
Healthy vs. III 
Healthy vs. IV 
I vs. II 
I vs. III 
I vs. IV 
II vs. III 
II vs. IV 


















































































































Kruskal-Wallis test of Size (cm) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 













Number of treatments (columns) 





Kruskal-Wallis test of Size (cm): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. <2 
Healthy vs. 2-3 
Healthy vs. >2 
<2 vs. 2-3 
<2 vs. >2 
2-3 vs. >2 
 
Test details 
Healthy vs. <2 
Healthy vs. 2-3 
Healthy vs. >2 
<2 vs. 2-3 
<2 vs. >2 


















































































Kruskal-Wallis test of Necrosis 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Necrosis: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. No necrosis 
Healthy vs. Necrosis 









































Healthy vs. No necrosis 
Healthy vs. Necrosis 
No necrosis vs. Necrosis 
 




















Kruskal-Wallis test of Lymphatic vessel invasion (LVI) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Lymphatic vessel invasion (LVI): Multiple 
comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. No LI 
Healthy vs. LI 
No LI vs. LI 
 
Test details 
Healthy vs. No LI 
Healthy vs. LI 


























































Kruskal-Wallis test of Lymph node status (LN) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 














Kruskal-Wallis test of Lymph node status (LN): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. LN- 
Healthy vs. LN+ 
LN- vs. LN+ 
 
Test details 
Healthy vs. LN- 
Healthy vs. LN+ 


























































Kruskal-Wallis test of ER status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of ER Status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. ER- 
Healthy vs. ER+ 
ER- vs. ER+ 
 
Test details 
Healthy vs. ER- 
Healthy vs. ER+ 


























































Kruskal-Wallis test of PR status 
 
P value .027 
52 
 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 











Kruskal-Wallis test of PR status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. PR- 
Healthy vs. PR+ 
PR- vs. PR+ 
 
Test details 
Healthy vs. PR- 
Healthy vs. PR+ 



























































Kruskal-Wallis test of HER-2 status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of HER-2 status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. HER-2- 



































HER-2- vs. HER-2+ 
 
Test details 
Healthy vs. HER-2- 
Healthy vs. HER-2+ 
HER-2- vs. HER-2+ 
-13.08 
 























Kruskal-Wallis test of Triple negative (TN) status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Triple negative (TN) status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. Non TN 
Healthy vs. TN 
Non TN vs. TN 
 
Test details 
Healthy vs. Non TN 
Healthy vs. TN 


























































Kruskal-Wallis test of Basal status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 














Kruskal-Wallis test of Basal status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. Non-basal 
Healthy vs. Basal 
Non-basal vs. Basal 
 
Test details 
Healthy vs. Non-basal 
Healthy vs. Basal 


























































Kruskal-Wallis test of Ki67 index (<14% or ≥ 14%) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Ki67 index (<14% or ≥ 14%): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. Ki67Low 
Healthy vs. Ki67High 
 
Test details 
Healthy vs. Ki67Low 



























































P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 






















































0.4357 to 2.336 
 
Kaplan-Meyer Analysis of Overall Survival with Lowest quartile (LQ) as 
cut-point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 





















































Ratio (and its reciprocal) 
95% CI of ratio 
1.134 
0.4711 to 2.730 
0.8818 
0.3663 to 2.123 
 
Kaplan-Meyer Analysis of Overall Survival with Median (MD) as cut-point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 






















































0.4794 to 3.573 
 
Kaplan-Meyer Analysis of Overall Survival with Highest quartile (HQ) as 
cut-point 
 




P value summary 






P value summary 












































95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 
95% CI of ratio 








0.1385 to 2.665 








0.3752 to 7.222 
 
Kaplan-Meyer Analysis of Disease Free Survival with Limit of detection 
(LD) as cut-point 
 




P value summary 






P value summary 






Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 


















































0.4856 to 3.355 
 
Kaplan-Meyer Analysis of Disease Free Survival with Lowest quartile (LQ) 
as cut-point 
 




P value summary 






























P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 
































0.3463 to 2.765 
 
Kaplan-Meyer Analysis of Disease Free Survival with Median (MD) as cut-
point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 






















































0.4239 to 5.329 
 
Kaplan-Meyer Analysis of Disease Free Survival with Highest quartile (HQ) 
as cut-point 
 










P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 


















































0.1340 to 9.953 
 
Results for TNF-α 
 
Descriptive Statistics for healthy animals  
 
Number of values 12 
  
Minimum 20.36 
25% Percentile 21.45 
Median 32.79 





Std. Deviation 6.61 
Std. Error of Mean 1.9 
 
Descriptive Statistics for animals with disease (all) 
 
Number of values 57 
  
Minimum 19.11 
25% Percentile 30.76 
Median 38.07 





Std. Deviation 141.2 
60 
 
Std. Error of Mean 44.64 
 
Mann-Whitney test of Healthy vs Disease 
 
P value 
Exact or approximate P value? 
P value summary 
Significantly different (P < 0.05)? 
One- or two-tailed P value? 
Sum of ranks in column A,B 
Mann-Whitney U 
 
Difference between medians 
Median of column A 

















Kruskal-Wallis test of Stage 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Stage: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. I 
Healthy vs. II 
Healthy vs. III 
Healthy vs. IV 
I vs. II 
I vs. III 
I vs. IV 
II vs. III 
II vs. IV 
III vs. IV 
 
Test details 
Healthy vs. I 



















































































Healthy vs. III 
Healthy vs. IV 
I vs. II 
I vs. III 
I vs. IV 
II vs. III 
II vs. IV 


































Kruskal-Wallis test of Size (cm) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Size (cm): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. < 2 cm 
Healthy vs. 2-3 cm 
Healthy vs. > 2 cm 
 
Test details 
Healthy vs. < 2 cm 
Healthy vs. 2-3 cm 


























































Kruskal-Wallis test of Necrosis 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 














Kruskal-Wallis test of Necrosis: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. No necrosis 
Healthy vs. Necrosis 
 
Test details 
Healthy vs. No necrosis 


















































Kruskal-Wallis test of PR status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of PR status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. PR- 
Healthy vs. PR+ 
 
Test details 
Healthy vs. PR- 



















































Kruskal-Wallis test of HER-2 status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 











Number of treatments (columns) 







Kruskal-Wallis test of HER-2 status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. HER2- 
Healthy vs. HER2+ 
 
Test details 
Healthy vs. HER2- 


















































Kruskal-Wallis test of Triple negative (TN) status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Triple negative (TN) status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. Non TN 
Healthy vs. TN 
Non TN vs. TN 
 
Test details 
Healthy vs. Non TN 
Healthy vs. TN 




























































Kruskal-Wallis test of Basal status 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Basal status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. Non-basal 
Healthy vs. Basal 
Non-basal vs. Basal 
 
Test details 
Healthy vs. Non-basal 
Healthy vs. Basal 


























































Kruskal-Wallis test of Ki67 index (<14% or ≥ 14%) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Ki67 index (<14% or ≥ 14%): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 































Healthy vs. Ki67High 
 
Test details 
Healthy vs. Ki67Low 
Healthy vs. Ki67High 
-6.019 
 










































ROC Analysis: Sensitivity & Specificity 
 
 



































































90.71% to 99.91% 
90.71% to 99.91% 
90.71% to 99.91% 
90.71% to 99.91% 
88.08% to 99.38% 
88.08% to 99.38% 
88.08% to 99.38% 
85.63% to 98.57% 
83.30% to 97.24% 
81.06% to 96.19% 
78.88% to 95.09% 
72.64% to 91.46% 
70.63% to 90.18% 
68.66% to 88.87% 
66.71% to 87.53% 
64.79% to 86.16% 
62.90% to 84.77% 
61.02% to 83.35% 
59.17% to 81.92% 
53.72% to 77.51% 
53.72% to 77.51% 
50.18% to 74.48% 
50.18% to 74.48% 
48.43% to 72.94% 
46.70% to 71.38% 
43.28% to 68.23% 
43.28% to 68.23% 
41.59% to 66.63% 
39.92% to 65.01% 
39.92% to 65.01% 
38.26% to 63.38% 

































0.000% to 24.25% 
0.4274% to 35.39% 
2.961% to 44.80% 
8.894% to 53.23% 
8.894% to 53.23% 
13.81% to 60.94% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
19.33% to 68.05% 
25.38% to 74.62% 
25.38% to 74.62% 
31.95% to 80.67% 
46.77% to 91.11% 
46.77% to 91.11% 
46.77% to 91.11% 
55.20% to 97.04% 
55.20% to 97.04% 
55.20% to 97.04% 
64.61% to 99.57% 
64.61% to 99.57% 






















































































36.62% to 61.74% 
34.99% to 60.08% 
30.19% to 55.02% 
28.62% to 53.30% 
27.06% to 51.57% 
25.52% to 49.82% 
24.00% to 48.06% 
22.49% to 46.28% 
21.00% to 44.48% 
19.53% to 42.66% 
18.08% to 40.83% 
16.65% to 38.98% 
15.23% to 37.10% 
13.84% to 35.21% 
12.47% to 33.29% 
11.13% to 31.34% 
9.819% to 29.37% 
8.536% to 27.36% 
7.287% to 25.32% 
6.078% to 23.25% 
4.914% to 21.12% 
3.805% to 18.94% 
2.763% to 16.70% 
1.435% to 14.37% 
0.6234% to 11.92% 



























75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
 
Kaplan-Meyer Analysis of Overall Survival with value obtained from ROC 
analysis as cut-point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 


























































Kaplan-Meyer Analysis of Overall Survival with Median (MD) as cut-point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 






















































0.6839 to 3.604 
 
Kaplan-Meyer Analysis of Overall Survival with Highest quartile (HQ) as 
cut-point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 













































Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 
95% CI of ratio 
0.5007 




0.1926 to 1.711 
1.997 




0.5846 to 5.192 
 
Kaplan-Meyer Analysis of Disease Free Survival with value obtained from 
ROC analysis as cut-point 
 




P value summary 






P value summary 






Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 


















































0.1825 to 1.328 
 
Kaplan-Meyer Analysis of Disease Free Survival with Median (MD) as cut-
point 
 




P value summary 






P value summary 





































Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 
























0.3826 to 2.569 
 
Kaplan-Meyer Analysis of Disease Free Survival with Highest quartile (HQ) 
as cut-point 
 




P value summary 






P value summary 






Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 


















































0.2635 to 2.866 
 
Results for IL-6 
 
Descriptive Statistics for healthy animals  
 
Number of values 12 
  
Minimum 36.09 
25% Percentile 48.98 
Median 56.48 







Std. Deviation 9.43 
Std. Error of Mean 2.72 
 
Descriptive Statistics for animals with disease (all) 
 
Number of values 57 
  
Minimum 39.17 
25% Percentile 54.36 
Median 65.94 





Std. Deviation 245.1 
Std. Error of Mean 32.46 
 
Mann-Whitney test of Healthy vs Disease 
 
P value 
Exact or approximate P value? 
P value summary 
Significantly different (P < 0.05)? 
One- or two-tailed P value? 
Sum of ranks in column A,B 
Mann-Whitney U 
 
Difference between medians 
Median of column A 

















Kruskal-Wallis test of Age (years) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 
















Number of families 




Uncorrected Dunn's test 
Healthy vs. <8 
Healthy vs. 8-12 
Healthy vs. >12 
<8 vs. 8-12 
<8 vs. >12 
8-12 vs. >12 
 
Test details 
Healthy vs. <8 
Healthy vs. 8-12 
Healthy vs. >12 
<8 vs. 8-12 
<8 vs. >12 


















































































Kruskal-Wallis test of Lymph node status (LN) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Lymph node status (LN): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. LN- 
Healthy vs. LN+ 
 
Test details 
Healthy vs. LN- 
























































Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of PR status: Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. PR- 
Healthy vs. PR+ 
 
Test details 
Healthy vs. PR- 


















































Kruskal-Wallis test of Ki67 index (<14% or ≥ 14%) 
 
P value 
Exact or approximate P value? 
P value summary 
Do the medians vary signif. (P < 0.05)? 




Number of treatments (columns) 












Kruskal-Wallis test of Ki67 index (<14% or ≥ 14%): Multiple comparisons 
 
Number of families 




Uncorrected Dunn's test 
Healthy vs. Ki67Low 
Healthy vs. Ki67High 
 
Test details 
Healthy vs. Ki67Low 











































































ROC Analysis: Sensitivity & Specificity 
 
 













































































93.69% to 100.0% 
90.71% to 99.91% 
88.08% to 99.38% 
88.08% to 99.38% 
83.30% to 97.24% 
81.06% to 96.19% 
78.88% to 95.09% 
78.88% to 95.09% 
76.75% to 93.92% 
74.68% to 92.71% 
72.64% to 91.46% 
70.63% to 90.18% 
68.66% to 88.87% 
66.71% to 87.53% 
64.79% to 86.16% 
62.90% to 84.77% 
61.02% to 83.35% 
59.17% to 81.92% 
57.34% to 80.47% 
57.34% to 80.47% 
53.72% to 77.51% 
53.72% to 77.51% 
51.94% to 76.00% 
51.94% to 76.00% 
51.94% to 76.00% 
48.43% to 72.94% 
46.70% to 71.38% 
44.98% to 69.81% 
43.28% to 68.23% 
43.28% to 68.23% 
41.59% to 66.63% 
39.92% to 65.01% 
39.92% to 65.01% 
38.26% to 63.38% 
36.62% to 61.74% 
34.99% to 60.08% 






































0.4274% to 35.39% 
0.4274% to 35.39% 
0.4274% to 35.39% 
2.961% to 44.80% 
2.961% to 44.80% 
2.961% to 44.80% 
2.961% to 44.80% 
8.894% to 53.23% 
8.894% to 53.23% 
8.894% to 53.23% 
8.894% to 53.23% 
8.894% to 53.23% 
8.894% to 53.23% 
8.894% to 53.23% 
13.81% to 60.94% 
13.81% to 60.94% 
13.81% to 60.94% 
13.81% to 60.94% 
13.81% to 60.94% 
19.33% to 68.05% 
19.33% to 68.05% 
31.95% to 80.67% 
31.95% to 80.67% 
39.06% to 86.19% 
46.77% to 91.11% 
46.77% to 91.11% 
46.77% to 91.11% 
46.77% to 91.11% 
46.77% to 91.11% 
55.20% to 97.04% 
55.20% to 97.04% 
55.20% to 97.04% 
64.61% to 99.57% 
64.61% to 99.57% 
64.61% to 99.57% 
64.61% to 99.57% 



























































































33.37% to 58.41% 
31.77% to 56.72% 
30.19% to 55.02% 
28.62% to 53.30% 
27.06% to 51.57% 
25.52% to 49.82% 
24.00% to 48.06% 
22.49% to 46.28% 
21.00% to 44.48% 
19.53% to 42.66% 
18.08% to 40.83% 
16.65% to 38.98% 
15.23% to 37.10% 
13.84% to 35.21% 
12.47% to 33.29% 
11.13% to 31.34% 
9.819% to 29.37% 
8.536% to 27.36% 
7.287% to 25.32% 
6.078% to 23.25% 
4.914% to 21.12% 
3.805% to 18.94% 
2.763% to 16.70% 
1.435% to 14.37% 
0.6234% to 11.92% 



























75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
75.75% to 100.0% 
 
Kaplan-Meyer Analysis of Overall Survival with value obtained from ROC 
analysis as cut-point 
 




P value summary 






P value summary 






Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 






















































Kaplan-Meyer Analysis of Overall Survival with Median (MD) as cut-point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 






















































0.5341 to 2.742 
 
Kaplan-Meyer Analysis of Overall Survival with Highest quartile (HQ) as 
cut-point 
 




P value summary 






P value summary 





Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 


















































Hazard Ratio (logrank) 
Ratio (and its reciprocal) 








0.3109 to 2.002 
 
Kaplan-Meyer Analysis of Disease Free Survival with value obtained from 
ROC analysis as cut-point 
 




P value summary 






P value summary 






Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 


















































0.8645 to 5.969 
 
Kaplan-Meyer Analysis of Disease Free Survival with Median (MD) as cut-
point 
 




P value summary 






P value summary 










































Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 
















0.5266 to 3.528 
 
Kaplan-Meyer Analysis of Disease Free Survival with Highest quartile (HQ) 
as cut-point 
 




P value summary 






P value summary 






Hazard Ratio (Mantel-Haenszel) 
Ratio (and its reciprocal) 
95% CI of ratio 
 
Hazard Ratio (logrank) 
Ratio (and its reciprocal) 


















































0.5266 to 3.528 
 
